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NOTES ON THE ATLANTIC CITY CONVENTION OF THE 
FEDERATION 


MARCH 15 TO 19, 1948 


The thirty-second annual meeting of the Feder- 
ation was held at Atlantic City, New Jersey, 
March 15 to 19, 1948. The Haddon Hall Hotel 
was the headquarters hotel for the meeting and 
meetings of the Councils of the constituent So- 
cieties and of the Federation Executive Commit- 
tee were held there, beginning Sunday, March 
14. The Municipal Auditorium of Atlantic City 
was the locus of all of the scientific, general and 
symposium sessions, of the commercial exhibits 
and of the social function held in the evening of 
March 17. 

Dr. Maurice H. Seevers, President of the Amer- 
ican Society for Pharmacology and Experimental 
Therapeutics, was Chairman of the meeting. 
Ninety-six scientific sessions were held, beginning 
Tuesday, March 16 at 1:00 p.m. and ending 
Friday afternoon. The Joint Session of the Feder- 
ation was held on Tuesday afternoon, and sym- 
posia were presented by the American Physiolog- 
ical Society, the American Society of Biological 
Chemists, the American Society for Pharmacol- 
ogy and Experimental Therapeutics and the 
American Association of Immunologists. A total 
of 1122 papers appeared in the program. 

Registration was 3324, divided about equally 
between Society members and non-members. 

The exhibits of commercial firms, held for the 
first time at the Federation meeting, were of a 
high order of quality and were well received and 
approved by members and exhibitors alike. It 
is planned to continue this as an important fea- 
ture of future meetings. There was no opportun- 
ity at this meeting for scientific demonstrations 
by members. It is hoped that in the future it will 
be possible to have a number of scientific exhibits 
to partially compensate for the lack of demon- 
Strations. 

Actions taken by the Federation Executive 
Committee that are of general interest were the 
following : 


1. Decision to hold the 1949 meeting in De- 
troit, Michigan, in the week of April 18. 

2. Decision to hold the meeting in 1950 in 
Atlantic City, probably in April. The 1951 meet- 
ing is tentatively scheduled to be held in San 
Francisco, California. 

3. The Federation assessment for 1948 was set 
at $3.00 per member of each constituent Society. 
This includes subscription to FepERATION PRo- 
CEEDINGS. 

4, Dr. M. O. Lee was appointed Federation 
Secretary-Treasurer and Managing Editor of 
FEDERATION PROCEEDINGS, with offices at 2101 
Constitution Ave., Washington 25, D. C. 

5. Approval of recommendations of the Contro] 
Committee to: a) accept advertising for FupERa- 
TION PROCEEDINGS; and bd) to allow authors of 
full-length articles in the Proceedings approxi- 
mately one page of illustrations without charge, 
any excess to be charged to the author at the 
discretion of the Control Committee. These re- 
commendations were made to avoid a deficit in 
financing the Proceedings. 

6. Approval of recommendations of the Secre- 
taries’ Committee on Program Reorganization to: 

a. Hold the Joint Session in the evening at the 
1949 meeting, with the American Society for Ex- 
perimental Pathology to be responsible for Ar- 
ranging the program. 

b. Limit the number of simultaneous scientific 
sessions at the annual meeting to a minimum of 
12 over a period of four days. 

c. Permit any Society to schedule regular sci- 
entific sessions on the Federation program on one 
or more evenings. 

d. Hold the Annual Meeting each year in the 
third or fourth week of April whenever possible. 

7. Dr. M. O. Lee and Dr. William H. Chambers 
were delegated to prepare and submit a revision 
of the By-laws of the Federation to the Execu- 
tive Committee for consideration. 
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Page 25. Danowski. Line 8 should read: 
“The addition of NaCl or of KCl. ..’’; line 9, de- 
lete the word “‘its’’; line 14, delete “KCI or’’. 

Page 111. SHanes. Line 11, delete last word, 
“to”; line 13, the words “but increases” should 
read “and perhaps’”’. 

Page 112. SHanes. Line 1, delete comma after 
the word “prolonged”. SHaprro. Line 11, the 
equation (P(V — b) % K) should read (P(V — b) 
= K). 

Page 132. Wesson, ANSLOW, AND SMITH. 
The first author’s name should be followed by 
Tas 

Page 154. Ferry AND SHULMAN. Line 9, the 
word, “synergizing” should read “‘synerizing”’. 

Page 160. HirscHMANN AND HIRSCHMANN. 
Column 2, line 7, ‘20-acetoxyallogregnanedione- 
3, 16” should read “‘20-acetoxyallopregnanedione- 
3, 16”; column 2, line 9, ““—25°” should read 
“495°”, 


CORRECTIONS OF ABSTRACTS IN MARCH ISSUE 





Page 168. Levine anp Meruis. Column 1, 
line 6 from the bottom, the word “benzothio- 
phene” should read “‘dibenzothiophene”’; column 
2, last line, should read “a lower deep green ring 
with formaldehyde”’. 

Page 176. NEURATH AND ELkins. Column 2, 
line 22, the sentence beginning ‘This conclusion 
...” should read “The inhibition by D-phenyl- 
alanine has been found to be of the competitive 
type”. 

Page 178. PEARLMAN. Line 20, the words “a 
diacetyl” should read “an acetyl”’. 

Page 256. SmitH, GIMBLE AND Davison. Line 
3, the sentence beginning ‘‘From the Department 

.” should read ‘‘From the Toxicology Section 
of the Army Medical Department, Research and 
Graduate School and the Department of Pharma- 
cology, The George Washington University 
School of Medicine, Washington, D. C.” 
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THE PROBLEM OF TISSUE PROTEIN SYNTHESIS 
PAUL R. CANNON 


Depariment of Pathology, 


The widest gaps in our understanding of the . 


mechanisms of protein metabolism are in relation 
to its anabolic phases. Indeed, with reference to 
the subject as a whole, one might say that we are 
still largely in the ‘catabolic phase.’ Although 
dietary proteins, after digestion and absorption, 
are presumably rebuilt by intracellular kathepsins 
into characteristic and specific proteins of various 
kinds, not much is yet known about the site or 


sites of the synthesis, i.e., whether it is primary in © 


the liver and secondary elsewhere, or whether it 
proceeds concurrently in many tissues. Neither is 
a great deal known about the mechanisms which 
so unerringly assemble the building blocks of 
protein, whether as amino acids, peptides or pro- 
tein aggregates, into specific tissue proteins. In 
the present discussion it will be assumed that in 
this assemblage certain mechanisms, especially 
the hypophysis and the genes, direct the synthesis 
but that this direction may be modified by various 
circumstances, as, for example, by the availability 
of dietary constructive units and by the influence 
of energy-yielding reactions and _ integrative 
mechanisms, particularly enzymes, salts and 
vitamins. 

For the study of the complicated problems of 
tissue synthesis a variety of experimental pro- 
cedures is needed, and the urgent need for a direct 
chemical approach is obvious. Unfortunately, 
however, the latter approach is difficult because 
of the unavoidable artificialities inherent in the 
use of excised tissues, with the deprivation of the 
blood supply and the ensuing proteolysis. It 
would seem important, therefore, wherever pos- 
sible to study the problem in intact animals whose 
physiologic mechanisms are not_ irreversibly 
damaged. Such an approach, while admittedly 
peripheral to the core of the broad problem of 
intermediary metabolism, nevertheless has been 
extremely useful in the past and still offers many 
advantages in relation to the overall problem. 


The University of Chicago 


Our interest in the subject of tissue protein 
synthesis arose in the course of studies of prob- 
lems of convalescence in which we observed the 
effects of protein repletion in protein-depleted 
animals (1). The following collaborators partici- 
pated actively in experiments upon which the dis- 
cussion is based: Earl Benditt, William Chase, 
Laurence Frazier, Eleanor Humphreys, Donald 
Rowley, Harold Steffee, Robert Stepto, Robert 
Woolridge and Robert Wissler. As an experi- 
mental animal we have used the adult male albino 
rat made protein-deficient by a low protein diet 
(2). In from two and one-half to three months on 
such a diet the animals gradually lose weight and 
become markedly hypoproteinemic and moder- 
ately anemic, despite an adequate intake of 
calories, vitamins and salts. Under proper circum- 
stances, however, such animals can resynthesize 
different kinds of bodily protein remarkably well, 
thereby demonstrating that any harmful effects 
induced by the low protein diet are readily re- 
versible. We call this method the Rat-Repletion. 
Method; by it we can measure rapidly, i.e., within 
from 7 to 14 days, the capacity of the animals to 
regain lost weight and to regenerate various types 
of tissue protein, as, for example, striated muscle, 
plasma protein, antibody protein, hemoglobin, 
liver protein, enzymes and carcass protein. 

Our standard repletion ration, when fed in 
daily portions of 15 grams, furnishes 1.35 grams of 
high quality protein, 48 calories, and the vitamins 
and salts considered necessary for adequate nutri- 
tion of the rat. In seven days a rat eating all of 
this ration each day will regain from 35 to 40 
grams of lost weight; in 10 days, from 50 to 55 
grams; and in 14 days, from 65 to 70 grams. 
Simultaneously he will also regenerate the other 
types of tissue proteins already mentioned. More- 
over, if a mixture of 16 crystalline or purified 
amino acids, compounded in the proportions as 
natural forms in which these occur in casein, is 
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substituted for the protein in the basal ration, 
the animal in 10 days will regain from 40 to 50 
grams of lost weight, thus demonstrating that the 
amino acid mixture can replace protein quite 
effectively (3). Even though such a mixture may 
not be a complete substitute for natural protein, 
it nevertheless offers a useful means for the study 
of many phases of amino acid utilization. 

The following experiments illustrate briefly a 
few features of the method. For example, if iso- 
caloric rations containing proteins at approxi- 
mately similar nitrogen concentrations are fed 
to groups of protein-depleted rats, it is possible 
within seven days to differentiate high-quality, 
intermediate-quality and low-quality proteins, 
whether in terms of weight recovery or of increase 
in concentration of total serum protein. Moreover, 
if a poor-quality protein, such as that present in 
white flour, is tested, with and without amino 
acid supplementation, one can demonstrate in 14 
days the limiting effect of lysine in the flour and 
the elimination of this effect by appropriate sup- 
plementation. In fact, a foodstuff in which lysine 
has been injured or made unavailable for assimi- 
lation because of the injurious action of a high 
temperature can be restored practically to its 
original nutritive value by lysine supplementa- 
tion (4). The method can be used also to ascertain 
the amino acid completeness of cancer protein. 
Thus when cancer metastases from the liver were 
compared with noninvolved portions of liver from 
the same patient, both types of tissue having been 
added to the basal ration at similar nitrogen con- 
centrations, it was found that the cancer protein 
acted as a high-quality protein, and, therefore, 
contains an adequate content of all the essential 
amino acids. When three groups of rats are in- 
jected simultaneously with antigen it is possible 
to demonstrate the decreased capacity of severely 
depleted animals to fabricate specific antibody 
protein, in comparison with well-nourished rats, 
and that a week’s repletion with high-quality 
protein enables depleted animals to recover much 
of their capacity to form antibody (2). It should 
be emphasized, however, that in the production 
of protein deficiency, both time, and extent of the 
depletion are essential factors, just as they are in 
relation to any other nutritional deficiency, 
whether it be of vitamins, calories or salts. If 
groups of protein-depleted rats are fed isocaloric 
rations containing similar protein concentrations, 
one protein (lactalbumin-casein), however, being 
high-quality, and the other (wheat gluten) low- 
quality, and with the rations pair-fed to the level 
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of consumption of the ration containing the low- 
quality protein, one can demonstrate, whether in 
terms of weight recovery, regeneration of total 
circulating plasma protein, total circulating hemo- 
globin, total carcass protein, or total liver protein, 
that there is no marked difference in relative 
repletion performances. For practical purposes 
this demonstrates that determination of total 
weight recovery is a reliable measure of the nutri- 
tive value of the protein being tested. Moreover, 
in each category it is apparent that calories do 
not compensate for the amino acid incompleteness 
of the wheat gluten. Finally, it can be shown by 
this method that amino acid mixtures, whether 
they consist of 16 amino acids, or only the 10 
essential amino acids, can substitute quite effec- 
tively for natural protein in the basal ration. 
With such an experimental model it is possible, 
therefore, to study various aspects of protein 
metabolism under selective conditions. 

In most of our work we have been concerned 
mainly with the structural aspects of tissue syn- 


-thesis, particularly in relation to the utilization 


of indispensable amino acids. To a lesser degree 
we have been interested also in the energetics of 
the syntheses. It is obvious, however, that all 
phases of the process of synthesis are necessarily 
interrelated. 

The classic experiments of Osborne and Mendel 
(5) emphasized one basic principle in particular, 
viz., that in the processes of protein synthesis the 
nutritive efficiency of a dietary protein is deter- 
mined by the smallest amount within it of a single 
indispensable amino acid. From this arose the 
idea of essential amino acids as limiting factors 
for growth. Later, Rose and his associates (6) 
demonstrated the existence in the mammal of 8 
or 10 of these essential amino acids, depending 
upon the species. In other words the mammal’s 
‘synthetic disability’, as Baldwin terms it (7), 
pertains to approximately 40 per cent of the 
known dietary amino acids. The more recent 
demonstrations by Rose and his collaborators 
(8) that the dietary absence in healthy men of 
any one of eight indispensable amino acids leads 
to a marked loss of body nitrogen, appetite and 
the sense of well-being, makes it evident that 
even for the maintenance of the presumably 
minimal degree of protein synthesis necessary for 
the ‘continuing metabolism’ postulated by Bor- 
sook and Keighley (9), at least all eight indispen- 
sable amino acids must be available to the syn- 
thesizing mechanisms. 

In the experiments just cited the metabolic 
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mechanisms have had access to an adequate sup- 
ply of other dietary essentials, viz., calories, vita- 
mins and salts. There are instances, however, 
particularly in conditions of altered nutrition, in 
which these other dietary constituents are not 
available to the synthesizing mechanisms, and 
it is in this area especially that one may hope to 
elucidate further some of the complex mech- 
anisms of protein synthesis. 

In preparation for an experimental study along 
these lines one might ask the following questions: 

1. How much energy is required by the syn- 
thesizing mechanisms in order to ensure the for- 
mation of the peptide linkages concerned in pro- 
tein synthesis? 

2. Above this level, will a higher caloric intake 
improve the efficiency of the synthesis? 

3. Do vitamins function in the processes of 
synthesis, and if so, in what ways? 

4. Are ‘stores’ or ‘reserves’ of essential amino 
acids available in the tissues for emergency func- 
tion comparable to the reserves of glycogen fat 
and protein? 

5. Is the process of synthesis slow and inter- 
mittent or is it immediate and chain-like? 

6. Are all essential amino acids simultaneously 
required for synthesis of a complete tissue pro- 
tein? 

7. Is there a daily rate of utilization of essential 
amino acids, both individually and totally and 
is this modified by variations in physiologic and 
pathologic states? . 

Answers to some of these questions are already 
known; for others answers are still lacking. At 
least one thing is certain, viz., that under condi- 
tions of inadequate caloric intake the mammalian 
body tends to consume its available stores of 
carbohydrate, fat and protein. Obviously there- 
for, if tissue proteins are to be conserved for their 
specific functions, caloric maintenance require- 
ments must be satisfied. 

The relative influence of caloric and protein 
intake upon tissue synthesis was demonstrated 
by us in experiments (10) in which groups of 
protein-depleted rats were fed rations for 14 days 
in which a) protein consumption was kept con- 
stant and the caloric intake varied, and b) in 
which the caloric intake was kept at a constant 
high level (48 calories per rat per day) and the 
protein intake varied. In the first experiment 
weight recovery was retarded at intakes of 15 and 
25 calories per rat per day whereas with intakes 
of 35, 48 and 60 calories there was comparatively 
little difference in weight gains. Moreover, at the 
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latter two levels carcass analyses showed that 
much of the added weight was due to deposition 
of fat rather than to synthesis of tissue protein. 
In the second experiment, on the other hand, with 
identical caloric intakes in all groups, tissue pro- 
tein synthesis, as manifested by weight recovery, 
varied directly with protein consumption, except 
at the higher levels of protein intake where maxi- 
mal capacity of utilization had been exceeded. 
Finally, when groups of depleted rats were fed 
breakfast foods at equal caloric intakes, enriched 
with additional vitamins and minerals, but with 
some of the foods having been damaged by proc- 
essing procedures, weight recovery was corre- 
lated, not with caloric intake, for this was always 
the same, but with protein quality. 

From these experiments we conclude a) that, 
below a certain level, caloric intake determines 
the efficiency of protein synthesis, whereas above 
this level additional calories act mainly to help 
lay down additional fat; and 6) with an adequate 
caloric intake, the efficiency of protein synthesis 
depends directly upon protein quality and quan- 
tity. From the practical viewpoint, these findings 
would indicate that, above caloric maintenance 
levels, calories are of nutritional significance more 
with respect to energy reactions than in relation 
to protein synthesis. 

If the processes of protein synthesis are de- 
pendent upon the combination of an adequate 
supply of building units of protein and of caloric 
energy, how is this energy made available to the 
synthesizing mechanisms? Undoubtedly the 
energy transfer is intermediated by enzyme 
systems and vitamins, but comparatively little 
is known as to the precise réle of individual 
vitamins in the processes of synthesis. We have 
attempted, therefore, to ascertain what part the 
vitamins of the B complex may play by remoying 
them, all at once or singly, from the repletion 
ration, in order to observe the consequences of 
their absence. Although these experiments are 
still incomplete and will be reported upon later 
in detail, it is evident that when a ration whose 
dietary nitrogen is supplied by a mixture of 16 
crystalline amino acids is fed with all B complex 
vitamins absent, protein synthesis, as manifested 
by weight recovery, comes to a standstill within 
10 days. Moreover, when only one vitamin at a 
time is removed from the ration, there is con- 
siderable variation in the response of the repleting 
rats, but with the absence of riboflavin mani- 
festing the most conspicuous effect. 

Assuming then that for the aggregation of 
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amino acids into tissue proteins both sufficient 
supplies of energy and of vitamins are necessary, 
how are the amino acids themselves assembled 
by the synthesizing mechanisms into specific 
proteins? It is known, of course, that amino acids 
circulate constantly in the blood and should, 
therefore, be available for various tissue syn- 
theses; and yet experiments have shown that, 
whether in a normal or a protein-depleted animal, 
a deficiency of only a few milligrams per day of 
a particular essential amino acid hampers effec- 
tive protein synthesis, despite the adequate intake 
of all the others. Furthermore, it has been shown 
that under these circumstances there is an aug- 
mented excretion of amino acids in the urine. 
Evidently then the missing or deficient essential 
amino acid cannot be secured either from the 
circulating blood or by the ‘raiding’ of tissues, 
and in consequence catabolism is accelerated. 
This suggests, moreover, that there are no avail- 
able ‘stores’ or ‘reserves’ of individual essential 
amino acids in the sense that we are accustomed 
to think of the protein reserves, defined by Mad- 
den and Whipple (11) as “all protein which may 
be given up by an organ or tissue under uniform 
conditions without interfering with organ or body 
functions.” 

Because of this apparent inability of the rat 
immediately to mobilize a particular essential 
amino acid for use by the synthesizing mech- 
anisms in order to make up a particular essential 
amino acid deficit, it is possible to establish the 
minimal daily amount of each essential amino 
acid necessary, in relation to the others, for effec- 
tive tissue protein synthesis. This can be done in 
the normal rat in terms of nitrogen equilibrium 
and maintenance of weight, and in the protein- 
depleted rat in terms of convalescence, as meas- 
ured by weight recovery in a given time. 

Such observations indicate that in the course 
of ordinary metabolism there isa daily ‘turn-over’ 
of each essential amino acid which necessitates 
a daily dietary replacement. In other words, for 
maintenance alone the essential amino acids are 
dietary expendables. Because of this fact it is 
possible to establish the daily utilization rate, or, 
as it is usually termed, the daily ‘requirement’ for 
each essential amino acid. These requirements 
differ, however, from time to time, depending 
upon circumstances which may accelerate ex- 
pendability rates. Thus in an animal which has 
been severely depleted of tissue proteins there is 
a markedly augmented utilization of essential 
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amino acids during the repletion period, or, in 
other words, the animal’s ‘requirements’ are 
markedly elevated. For example, in adult rats 
of comparable ages fed similar repletion rations, 
the utilization of essential amino acids may be 
increased from two-fold to five-fold in protein- 
depleted animals in relation to the comparable 
utilization by normal rats. Moreover, this utiliza- 
tion rate is not uniformly elevated with respect 
to each amino acid. Thus in the severely depleted 
animals the utilization rate for lysine and leucine 
may be especially elevated. The question is: 
Why should there be this unequal utilization of 
these two essential amino acids in relation to the 
others? 

An answer to this question may be found from 
a consideration of the amino acid composition of 
normal striated muscle. For example, recent 
analyses (Beach et al. (12), Greenwood and Kray- 
bill) have shown that, among the essential amino 
acids of beef muscle, there is a proportionality 
relationship of approximately 8 to 1 between 
lysine and tryptophane and between leucine and 
tryptophane. In other words, in the resynthesis 
of muscle protein the repleting muscle presum- 
ably requires at least eight times as much lysine 
and leucine as it does tryptophane if the original 
proportionality relationships of these essential 
amino acids are to be maintained or reestablished. 
Since approximately one-third of the mammalian 
body consists of striated muscle, and inasmuch 
as in the course of protein depletion there is a 
marked loss of muscle mass in the processes of 
muscle atrophy, it is obvious that as a result of 
severe protein depletion there is a large tissue 
mass available to utilize dietary essential amino 
acids, provided that these also are available in 
proper proportions for effective utilization. If, 
on the other hand, the repletion diet provides an 
inadequate supply of lysine and leucine, the law 
of minimum presumably will come into play to 
restrict effective resynthesis of muscle protein, 
regardless of the diet’s richness in other food con- 
stituents, whether these be calories, vitamins or 
minerals. 

These observations re-emphasize the point of 
view that in the repletion of depleted tissues the 
dietary allowances of essential amino acids as well 
as those of other dietary constituents should be 
greater than those for maintenance, and that 
calculations based on maintenance figures should 
be modified to the extent that in the planning of 
a rehabilitation diet, maintenance allowances 
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should be increased proportionately. For example, 
if in a 3000-calorie diet the minimal protein allow- 
ance for maintenance is taken as 35 grams per 
day, it would seem advisable to increase this from 
two-fold to five-fold in order to supply a rich 
assortment of essential amino acids, and in proper 
proportions, to the synthesizing mechanisms. 

How do the synthesizing mechanisms select 
amino acids from the bloodstream for assembly 
into tissue proteins? Does the synthesis proceed 
at a leisurely pace and intermittently, or is it a 
rapid process, resembling more a chain reaction, 
and in conformity with the ideas of Schoenheimer 
(13) and his associates, Borsook et al., Whipple 
and Madden et al., of the dynamic nature-of pro- 
tein metabolism? Accumulating evidence points 
more and more to the latter point of view and 
suggests that the synthesizing process is essen- 
tially an all or none type of mechanism. That is, 
if a complete tissue protein is to be synthesized, 
all the essential amino acids which are to enter 
into the process must be simultaneously available 
and in adequate amounts and proportions one to 
another during the act of synthesis. In other 
words, unless a tissue protein can be synthesized 
at once and completely, it may not be synthesized 
at all. This idea suggests that the synthesizing 
mechanism is ‘perfectionistic’ and will not utilize 
an inadequate assortment of amino acids. What 
evidence is there to support such a postulate? 

It is not a new idea that in the utilization of 
essential amino acids for tissue synthesis there is 
a need for the simultaneous presence of several 
if not all of them, whether for growth or main- 
tenance. As Rose has siad (14) “‘if a tissue is to be 
formed at all, every component required must be 
available or be capable of being manufactured by 
the cells; otherwise the synthesis will not occur,” 
and Burroughs, Burroughs and Mitchell (15) 
have concluded that even in the endogenous 
metabolism the utilization of some amino acids 
“is dependent upon the simultaneous presence of 
other amino acids in the metabolic mixture.” 

Evidence supporting these concepts may be 
cited briefly as follows: 

1. Berg and Rose (16) observed in young rats 
fed a tryptophane-deficient ration, that growth 
was better when tryptophane supplementation 
was made in divided doses rather than all at one 
time. Their interpretation of this phenomenon 
was that when tryptophane was fed singly in 
excess of the ability of the synthesizing tissues 
immediately to utilize it, the excess tryptophane 
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was wasted rather than being stored for later use 
when food again was eaten. ; 

2. Elman (17) found that an acid hydrolysate 
of casein, supplemented with tryptophane, was 
well utilized when injected intravenously, 
whereas, if the hydrolysate was injected, followed 
six hours later by injection of the tryptophane, 
there was poor utilization of the hydrolysate, due 
presumably to the fact that the tryptophane 
could no longer combine with the other amino 
acids to accomplish tissue protein synthesis. 

3. Geiger (18) fed young rats rations deficient 
in either tryptophane, methionine or lysine. 
Twelve hours later, when the missing amino acids 
were fed, effective growth did not occur. Here, 
too, the amino acids supplied by the deficient 
diets were apparently not stored within the tissues 
long enough to be available later for purposes of 
tissue synthesis when the missing essential 
amino acids were again made available. 

4. Last year we reported experiments (19) in 
which protein-depleted adult rats were fed reple- 
tion rations adequate in calories, vitamins and 
minerals but containing only ten essential amino 
acids as the principal source of dietary nitrogen. 
On such rations the animals quickly regained lost 
weight. If, however, the basal ration was divided 
into two portions, to one of which was added an 
amino acid mixture composed of arginine, histi- 
dine, leucine, lysine and threonine, and to the 
other a mixture composed of isoleucine, methi- 
onine, phenylalanine, tryptophane and valine, 
and these two incomplete rations were fed alter- 
nately at hourly periods with an hourly fasting 
period between each feeding, the animals con- 
tinued to lose weight. When, however, the two 
incomplete rations were combined and fed under 
similar conditions, weight recovery was immedi- 
ate. These experiments suggest, therefore, that 
for effective tissue synthesis all essential amino 
acids must be available in the tissues practically 
simultaneously; otherwise the first group ab- 
sorbed is not stored long enough to enable its 
essential amino acids to combine with those of 
the second group for the synthesis of complete 
tissue proteins. 

In this discussion an attempt has been made 
to emphasize dietary interrelationships in the 
processes of tissue protein synthesis, both with 
reference to the general interplay between indis- 
pensable amino acids, vitamins and calories and 
to the specific interrelationships of amino acids 
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as affected by differing proportionality patterns the complete picture of tissue protein synthesis 
and limiting factors. Undoubtedly many other _ will probably resemble more a mosaic of all these 
influences must be evaluated, as, for example, elements than a series of independent and unre. 
genes, hormones and minerals. In last analysis lated figures. 
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PHARMACOLOGICAL AND PHYSIOLOGICAL ASPECTS OF ADRENERGIC 
BLOCKADE, WITH SPECIAL REFERENCE TO DIBENAMINE! 


MARK NICKERSON anv LOUIS 8. GOODMAN 
From the Department of Pharmacology, University of Utah School of Medicine 


In 1895, Oliver and Schafer (47) first observed 
the characteristic hypertension which follows the 
injection of extracts of the adrenal medulla. 
Today, after five decades, the abrupt and marked 
rise in blood pressure resulting from intravenously 
injected epinephrine is still one of the dramatic 
sights in experimental pharmacology. 

But even more dramatic is the reversal of 
epinephrine-induced hypertension, which can be 
brought about by the prior administration of 
‘adrenolytic’? chemicals. The phenomenon of 
epinephrine-reversal was first adequately de- 
scribed by Dale in 1906 (13) as an action of cer- 
tain ergot alkaloids and has ever since attracted 
the attention of pharmacologists and physiolo- 
gists. Indeed, it is difficult to find a pharmacolo- 
gist who has not been occupied, at one time or 
another, with the fascinating problems of the 
mechanism and site of action of drugs producing 
adrenergic blockade, the physiological mech- 
anisms disclosed by their administration, and 
their therapeutic potentialities. 


CLASSIFICATION OF AUTONOMIC BLOCKING 
DRUGS 


Drugs causing adrenergic blockade are pre- 
sented in table 1 which classifies autonomic 
blocking agents as a group. This table is based on 
two accepted facts. First, autonomic drugs act 
not on nerve endings, but on effector cells inner- 
vated by cholinergic or adrenergic nerves. Sec- 
ondly, autonomic blocking agents selectively 
prevent the responses of effector cells to specific 
chemical mediators, either acetylcholine or sym- 
pathin; but they do not prevent responses to 
unrelated chemical substances or to direct stimu- 
lation. 

Cholinergic innervation is either preganglionic 
or postganglionic but all adrenergic nerves are 
postganglionic. The specific effector cells inner- 
vated by each class of nerves are listed at the 


1 Trademark of Givaudan-Delawanna, Inc. 

Figs. 2-7 and 9, courtesy of the Journal of Phar- 
macology and Experimental Therapeutics (40). 

Fig. 12, courtesy of The American Journal of 
Medicine (22). 
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bottom of the chart. For many and impelling 
reasons (12, 18) skeletal muscle is classified along 
with autonomic ganglia as an effector organ 
capable of responding to autonomic drugs. 

The right-hand column of the table includes the 
various drugs which block the responses of smooth 
muscle, cardiac muscle and exocrine glands to 
adrenergic nerve impulses mediated by sym- 
pathin and to the hormone of the adrenal medulla, 
epinephrine. 

Terminology. The term ‘sympatholytic drug’ 
has been reserved by some investigators for those 
agents which prevent effector cells from respond- 
ing to adrenergic nerve impulses; the term 
‘adrenolytic drug’ then applies to those agents 
which prevent responses to epinephrine. Usually, 
the two actions coexist but some chemicals have 
much greater adrenolytic than sympatholytic 
potency. A better designation applying to the 
group as a whole is ‘adrenergic blocking agents’. 

Differences from tetraethylammonium. The dif- 
ference in site of action between adrenergic block- 
ing drugs, such as Dibenamine and tetraethylam- 
monium, an agent which has recently attracted 
considerable attention (3, 4, 28), deserves com- 
ment. Tetraethylammonium produces blockade 
of both sympathetic and parasympathetic gan- 
glia. By paralyzing sympathetic ganglia, for 
example, it produces effects which are superfi- 
cially similar to those observed after Dibenamine. 
However, tetraethylammonium, in conventional 
doses, does not act peripherally on muscle or 
exocrine glands; both remain sensitive to epineph- 
rine and to postganglionic nerve impulses. Ob- 
viously, the site and the physiological conse- 
quences of the action of tetraethylammonium are 
quite different from those of Dibenamine. 

Properties of an ideal adrenergic blocking agent. 
An ideal adrenergic blocking agent should have 
the following attributes. It should produce com- 
plete blockade, show a high degree of selectivity, 
possess a wide margin of safety, and have a fairly 
long duration of action. None of the hitherto 
available compounds possessesall these properties. 
In effective doses, each produces effects other 
than adrenergic blockade; most are rather feeble 
in potency; many are quite toxic; and some are 
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rather fleeting in action. For example, ergotamine 
causes not only adrenergic blockade but also 
stimulates the smooth muscle of blood vessels, 
the uterus and other organs; in addition, it has 
complex actions on the central nervous system 
(13, 36). Priscol is not only antiadrenergic but 
also histaminergic, cholinergic and sympathomi- 
metic (5). Under propitious circumstances, ergo- 
toxine, yohimbine and the benzodioxane com- 
pounds of Fourneau can even be transformed 
from sympathetic antagonists to sympathetic 
synergists. Such facts as these are cited to indicate 


TABLE 1. CLASSIFICATION OF DRUGS BLOCKING 
AUTONOMIC EFFECTOR SYSTEMS INNERVATED BY: 




















CHOLINERGIC NERVES ADRENERGIC 
NERVES 
Preganglionic Postganglionic 
High doses of: | Atropine Ergot alkaloids 
-choline esters | Scopolamine | Yohimbine 
-anticholines- Other _ bella- 
terases donnaalka- | 933F, 883F and 
loids other Four- 
neau com- 
pounds 
Nicotine (2nd _ | Synthetic ‘bel-| Dibenamine 
phase) ladonna’ al- and conge- 
d-Tubocurarine kaloids ners 
Beta-erythroid- 
ine Dibutoline Priscoland 
congeners 
Tetraethylam- 
monium 
Ganglia Smooth muscle 


Cardiac muscle 
Exocrine glands 


Skeletal muscle 
Adrenal medulla 








After Goodman and Gilman, 1948. 


the complexities of the field. Indeed, a desultory 
examination of the massive literature on the 
mechanism and site of action of adrenergic block- 
ing drugs leaves one with a sense of confusion 
which is aggravated, rather than dispelled, by a 
more detailed study (see 7, 8, 24, 33, 36, 52). 

For the reasons mentioned, the older drugs 
available for adrenergic blockade are so far from 
ideal that their clinical use has been quite limited 
and the results obtained are generally unimpres- 
sive; even in the laboratory, as experimental tools, 
they have not been wholly satisfactory. 
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HISTORY AND CHEMISTRY OF THE DIBENAMINE 
SERIES 


Considerable interest therefore centers in a new 
series of adrenergic blocking agents which seem 
to possess the previously mentioned attributes 
to a high degree. Inasmuch as Dibenamine was 
the first to be discovered and has been subjected 
to more detailed study, it may be considered as 
the prototype of the series and attention will be 
focussed mainly on it. 

N,N - dibenzyl - g - chloroethylamine (Diben- 
amine) hydrochloride was originally described by 
O. Eisleb in 1930. It was first prepared in this 
country by Dr. William Gump, Senior Research 
Chemist of Givaudan-Delawanna, Inc., who also 
synthesized a large number of its chemical 





a 
R 


Fig. 1. A. StrucTURAL FORMULA of Diben- 
amine, N,N-dibenzyl-8-chloroethylamine. ’ B. 
Cyclization and hydrolysis of Dibenamine. (. 
Schematic representation of chemical structure in 
Dibenamine series thought to be essential for the 
adrenergic blocking action (see text). 


congeners and related compounds. Its pharma- 
cology was first reported by Nickerson and Good- 
man (39, 40, 44, 46), and subsequently studied in 
greater detail by Nickerson and associates (35, 
36, 42, 43). When sufficient evidence had accumu- 
lated to indicate the feasibility of its use in man, 
Dibenamine was administered to patients by Drs. 
Hecht and Anderson in the Department of Medi- 
cine at the University of Utah (22). Subsequently 
Dibenamine was released to other laboratory and 
clinical investigators, and interest in the drug has 
steadily increased. 

As the structural formula depicted in figure 1 
indicates, Dibenamine is N , N-dibenzyl-g-chloro- 
ethylamine; its name is derived by the customary 
process of elision. Most of the experimental work 
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has been done with the hydrochloride. This is a 
white crystalline salt, poorly soluble in aqueous 
media near neutrality, but soluble in aqueous acid 
‘solution, in 95 per cent ethanol and in propylene 
glycol. In animals, Dibenamine exerts its systemic 
effects by all routes of administration; but in man, 
for reasons to be mentioned, it must be given 
either intravenously or orally in enteric-coated 
tablets. 

The structural resemblance of Dibenamine to 
the nitrogen mustard war gases is at once ap- 
parent. It exhibits many of the chemical reactions 
characteristic of the nitrogen mustards, although 
it lacks the requisite second 6-chloroethyl group- 
ing. The clues afforded by this fact to elucidate 
the specific chemical union of Dibenamine with 
adrenergic receptor substance are being in- 
vestigated. 

Cyclization. In aqueous solution, Dibenamine 
probably undergoes intramolecular rearrange- 
ment to form a cyclic ethylenimonium cation, as 
shown in figure 1-B. The high chemical reactivity 
of ethylenimonium cations is well known, and 
Dibenamine presumably exerts its pharmacody- 
namic effects by virtue of this intermediate 
product. In pure aqueous solution at physiological 
hydrion concentrations, Dibenamine first cyclizes 
and then reacts with water to yield the alcohol, 
N,N-dibenzyl ethanolamine, which is devoid of 
adrenergic blocking activity. The rate of cycli- 
zation of the compound in vitro is relatively slow 
and this may explain why the maximal effect in 
animals is not apparent until at least 30 minutes 
after injection of the drug. 

Reaction with thiosulfate. Another chemical 
observation of pharmacological interest is that 
Dibenamine, like the nitrogen mustards, rapidly 
combines with thiosulfate during the stage of 
cyclization to form the ‘corresponding ethyl thio- 
sulfate. The kinetics and high specificity of the 
thiosulfate reaction with ethylenimonium cation 
are well known and provide the basis for some 
interesting observations on the fate and duration 
of sojourn of Dibenamine in the body. For ex- 
ample, if a high concentration of thiosulfate is 
maintained in the extracellular fluid during the 
period of Dibenamine hydrolysis, evidence of 
adrenergic blockade is never exhibited. If the 
thiosulfate concentration is permitted to fall be- 
fore the anticipated completion of hydrolysis, 
adrenergic blockade subsequently develops. In 
this manner, it has been possible to determine 
that the duration of sojourn of an effective dose of 
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Dibenamine in the tissues is of the order of 12 to 
18 hours. The suggestion is advanced that the 
persistence of Dibenamine in the body is due to 
the fact that the drug is lipid-soluble; it may thus 
readily gain access to fat depots and be slowly 
released to the extracellular fluid. 

Reaction with receptor substance. The above 
observations do not explain the prolonged dura- 
tion of the adrenergic blockade, once it is estab- 
lished, which far outlasts the presence of the drug. 
Indeed, from three to five days may be required 
for full recovery from a single injection of the 
drug. Adrenergic blockade is probably due to the 
establishment of a firm chemical linkage between 
Dibenamine and the adrenergic receptor sub- 
stance. The probability is great that the receptor 
substance must be reactivated, repaired or even 
regenerated before the excitatory response of the 
effector cell returns. An analogous phenomenon is 
that of the long duration of action of di-isopropyl 
fluorophosphate; until tissue cholinesterases are 
regenerated, its cholinergic effects are not fully 
dissipated. 

Structure-activity relations. The relationship be- 
tween chemical constitution and pharmaco- 
dynamic properties in the Dibenamine series 
has been explored by Nickerson and Gump (41). 
Their analysis of 1389 Dibenamine congeners, 64 
of which produce adrenergic blockade, indicates 
that the formation of an intermediate conjugated 
double bond system, as depicted in figure 1-C, 
may be the molecular basis of Dibenamine action. 
Substitutions in either the aromatic or alkyl 
halide portions of the molecule which interfere 
with this conjugation lead to a reduction or dis- 
appearance of activity, although similar substi- 
tutions which do not prevent conjugation are 
compatible with high activity. Steric factors are 
also involved, and substitutions on the aromatic 
nucleus which are out of the plane of the ring 
abolish activity. 

Relation to antihistaminics. It is of both theo- 
retical and practical interest that certain Diben- 
amine derivatives produce not only adrenergic 
blockade but are also antagonistic to histamine, 
as shown by Loew and Nickerson and their re- 
spective co-workers (1, 25, 26, 37). Indeed, some 


of the compounds examined in this laboratory are 


many times more potent in animals than are the 
antihistaminic drugs currently employed in thera- 
peutics; they are also characterized by a remark- 
ably long duration of antihistaminic action, 
probably attributable to the s-chloroethyl radical. 





Speculation as to the chemical basis and pharma- 
cological import of the concomitance of anti- 
adrenergic and antihistaminic actions must await 
further experimentation. 


PHARMACODYNAMICS OF DIBENAMINE 


Properly administered physiological doses of 
Dibenamine exert only one discernible systemic 
action in the body, namely, blockade of excitatory 
adrenergic functions. Inhibitory adrenergic func- 
tions are not blocked; indeed, they may be 
brought into sharp relief. Dibenamine blockade is 
effective not only against epinephrine and circu- 
lating sympathin but also, in somewhat larger 
doses, against adrenergic nerve stimulation. The 
compound does not alter or destroy epinephrine 
or sympathin, as does 933F (34); and it does not 
prevent effector cells from responding to non- 
adrenergic stimulant drugs. Therefore, by a 
process of exclusion, the action is thought to be a 
direct one on adrenergic receptor substance (35, 
40, 43, 53). Cholinergic mechanisms are not influ- 
enced, except indirectly by the elimination of 
adrenergic function in those organs which are 
dually innervated. Dibenamine itself exhibits only 
slight antihistaminic activity. Ganglionic, neu- 
romyal and peripheral axonal transmission are 
apparently not affected by Dibenamine. 

As so frequently is the case for autonomic 
drugs, the various functions of the cardiovascular 
system afford the best indices for observing and 
analyzing the actions of Dibenamine. When given 
slowly in full blocking doses, Dibenamine causes 
no significant alterations in basal heart rate, blood 
pressure, cardiac output or electrocardiogram 
of laboratory animals or resting normotensive 
humans. These facts suggest that rapid adjust- 
ment compensates for the loss of adrenergic tone. 
However, when conditions of stress are imposed, 
the effects of Dibenamine blockade become 
apparent at once. ‘ 

Reversal of epinephrine-induced blood pressure 
rise. An important cardiovascular index of Diben- 
amine action is the response to epinephrine. 
Figure 2 illustrates a typical experiment on the 
effect of epinephrine on the carotid blood pressure 


of an anesthetized cat before and after Diben- . 


amine. Dibenamine converts the pressor into a 
depressor response because it blocks only the 
‘excitatory vasoconstrictor effect of epinephrine 
and thereby unmasks the concurrent inhibitory 
vasodilator action. Dibenamine differs from cer- 
tain other adrenergic blocking agents in that 
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its action is uninfluenced by anesthesia and does 
not vary with the type of anesthetic employed, 

The completeness of the Dibenamine blockade 
is indicated by the fact that massive doses of 
epinephrine produce only pure vasodepression, as 
illustrated in figure 3. Even 10 milligrams per kilo- 
gram of epinephrine have been administered in- 
travenously with results comparable to those 
shown in the figure. The fall in blood pressure 
lasts for many minutes, until the concentration of 
circulating epinephrine has fallen below the 
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Figs. 2 and 3. Errect oF DIBENAMINE on the 
blood pressure response to intravenous epineph- 
rine. Upper record of fig. 2 before and lower 
record of fig. 2 and fig. 3 after 15 mgm./kgm. Di- 
benamine. Epinephrine (fig. 2, 2.5 ugm./kgm.; fig. 
3, 1000 ugm./kgm.) injected at arrows. Cat anes- 
thetized with pentobarbital. Time in minutes; 
ordinate scale in mm. Hg. 


threshold value capable of causing vasodilatation’ 
Depressor responses have been obtained with 
pressures as low as 30 mm. of Hg. In the rabbit, 
Dibenamine blocks but does not reverse the 
pressor action of epinephrine. This species appar- 
ently lacks an adrenergic vasodilator system (10). 

Whereas the pressor response to epinephrine 
varies directly with dosage over a wide range, the 
depressor response is definitely limited in magni- 
tude and is fully elicited by relatively small 
amounts of epinephrine. Figure 4 plots the rise or 











—_ 


Qo = > > SS es Sl 


. a a 


mm.Hoae 





an 


bl 
on 
sti 
pr 
of 


co 
tre 
sti 
sul 








ne? 


loes 
yed, 
cade 
$ of 
1, ag 
‘ilo- 


108e 
ure 
n of 
the 


the 
»ph- 
ywer 


- fig. 
nes- 
ites; 


ion’ 
with 
bit, 

the 
par- 
10). 
rine 
, the 
gni- 
mall 
se oF 











June 1948 


fall of blood pressure against the dose of epineph- 
rine. An increase in dose of epinephrine beyond 5 
micrograms per kilogram causes no further fall in 
pressure, although the duration of the fall is pro- 
longed when the larger amount of epinephrine 
must be eliminated. Obviously the response of the 
adrenergic vasodilator system is limited, but its 
activation by low concentrations of epinephrine 
provides a rational explanation for the secondary, 
depressor phase of epinephrine action. 

Neither Dibenamine, nor the ergot alkaloids 
nor the ‘adrenolytic’ drugs of the Fourneau series 
prevents the chronotropic and the positive ino- 
tropic effects of epinephrine on the heart (2, 23, 
40). Thus, after Debenamine epinephrine still 
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Fig. 4. RELATION OF THE DOSE OF EPINEPHRINE 
(intravenous) to the Hypertension (upper curve) 
elicited before and the hypotension (lower curve) 
elicited after the administration of Dibenamine. 
Data averaged from 6 cats. Ordinate, mm. Hg 
blood pressure; abscissa, dose of epinephrine in 


ugm/kgm. 


elicits an increase in sinus rate, stroke volume and 
cardiac output. Apparently the action of epi- 
nephrine on the sino-auricular node and on the 
force of myocardial contraction is fundamentally 
different from that on vascular smooth muscle. 
Effect on splanchnic nerve stimulation. Diben- 
amine is not only a potent ‘adrenolytic’ but also a 
potent ‘sympatholytic’ drug. Thus the compound 
blocks and reverses the excitatory responses not 
only to epinephrine but also to sympathetic nerve 
stimulation. In figure 5 is illustrated the blood 
pressure response of a cat to electrical stimulation 
of the resected splanchnic nerve. The initial sharp 
component of rise in pressure, seen in the topmost 
tracing (A), is the result of direct sympathetic 
stimulation of the splanchnic vascular bed. The 
subsequent slower component of the rise is the 
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result of the release of epinephrine and some 
sympathin into the systemic circulation, and is 
largely abolished by removal of the adrenal 
glands. The middle tracing (B) is that of the blood 
pressure response to splanchnic nerve stimulation 
in the same animal after Dibenamine. Each of the 
two components of the original pressor response 
is reversed. The initial rapid fall is rather small, 
which indicates that splanchnic vasodilatation is 
limited in the cat, as emphasized by Cannon and 
Rosenblueth (11). The second and slower com- 
ponent of the reversal represents the vasodilator 
response to endogenously released epinephrine. 
The lowermost tracing (C) illustrates the Diben- 
amine blockade of the response to splanchnic 
stimulation in the same animal after removal of 
the adrenal glands. 

Effect on direct and reflex sympatho-adrenal dis- 
charge. Splanchnic nerve stimulation causes only 
regional sympathetic nerve discharge. General- 
ized sympatho-adrenal discharge can be elicited 
in various ways, one of which is shown in figure 6. 
If an atropinized cat is injected with a large dose 
of a choline ester having nicotinic properties, such 
as carbachol, a diphasic blood pressure rise is 
elicited. Atropine prevents the vasodilator and 
cardiodecelerator responses to carbachol, so that 
the stimulatory effects of the ester on sympathetic 
ganglia and on the adrenal medulla stand out in 
bold relief. The upper curve in the left-hand 
portion (A) of figure 6 shows the two character- 
istic components of the sympatho-adrenal dis- 
charge caused by carbachol. The lower tracing 
represents the reversal of the response in the same 
animal, after Dibenamine. The two curves are 
almost mirror images of each other. The right-hand 
portion (B) of figure 6 depicts the same experi- 
ment.in an adrenalectomized animal before and 
after Dibenamine. Here the pressor response is 
caused only by sympathetic ganglionic discharge 
and it is characteristically brief in duration. Its 
reversal by Dibenamine is evident. The experi- 
ment clearly indicates that Dibenamine can re- 
verse the pressor effect of generalized direct dis- 
charge of the sympathetic nervous system, both 
in the presence and in the absence of the adrenal 
glands. 

Another way to evoke widespread sympatho- 
adrenal discharge is by reflex means, for example, 
by anoxia, as shown in figure 7. Gradually de- 
veloping anoxia was produced by the use of a 
small rebreathing bag and a soda-lime canister. 
The upper tracing illustrates the vasopressor 
effect in an anesthetized cat of two short periods 
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of anoxia. The lower tracing depicts three pure mas. As shown by Nickerson and associates (40, 
vasodepressor responses to anoxia in the same 42, 45, 46), Dibenamine also manifests marked 
animal, after. the injection of Dibenamine. It is ability to prevent ventricular rhythms evoked by 
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Fig. 5. BLOOD PRESSURE RESPONSE TO SPLANCHNIC NERVE STIMULATION. Cat under urethane anesthe- 
sia. The splanchnic nerves were resected bilaterally just above the diaphragm. Electrodes on distal 
stumps of right splanchnic nerves. Period of stimulation indicated by upward deflection signal line. 
Variable frequency, square-wave electronic stimulator; 20 pulses/sec. and pulse width 0.5 msec.,; cur- 
rent employed was that necessary for maximal response in control animal. Time in minutes; ordinate 
scale, mm. Hg; A before and B after Dibenamine; C after Dibenamine and removal of adrenal glands. 

Fig. 6. BLOoD PRESSURE RESPONSE to the intravenous administration of carbachol in an atropinized 
cat under pentobarbital anesthesia. A. Upper record before and lower record after intravenous admin- 
istration of 15 mgm/kgm Dibenamine. Carbachol injected at the arrow; time in minutes; ordinate 
scale, mm. Hg. B. Same procedures as in A, after bilateral adrenalectomy. 

Fig. 7. BLooD PRESSURE RESPONSE to anoxia before (upper record) and after (lower record) Diben- 
amine. Cat under pentobarbital anesthesia. Periods of anoxia are indicated by upward deflections of 
signal line. Time in minutes; ordinate scale, mm. Hg. 


thus obvious that Dibenamine also blocks the epinephrine in animals under cyclopropane anes- 
response to reflexly elicited sympathetic dis- thesia. The protection afforded by Dibenamine is 
charge. almost absolute and is far greater than that pro- 
Prevention of cyclopropane-epinephrine arrhyth- vided by isonipecaine, atropine, bilateral va- 
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gotomy, procaine, quinidine, Priscol or ergot- 
amine. In the Department of Anesthesia at the 
University of Utah, these observations have been 
extended to man; Dibenamine can reduce or 
abolish ominous types of ventricular rhythms oc- 
curring in surgical patients under cyclopropane 
anesthesia. 

Figure 8 illustrates typical experiments in dogs 
fully equilibrated to 30 per cent cyclopropane-70 
per cent oxygen and injected intravenously with 
10 micrograms per kilogram of epinephrine, ac- 
cording to the standardized technic developed by 
Meek, Orth and their associates at the University 
of Wisconsin (31, 32, 48). The ECG was recorded 


Fig. 8. PROTECTIVE ACTION OF DIBENAMINE 
against epinephrine-induced cardiac arrhythmias 
in cyclopropanized dogs. Dogs equilibrated to 
30% cyclopropane-70% oxygen and injected in- 
travenously with epinephrine, 10 .gm/kgm., over 
a period of 50 seconds. ECG recorded by thermo- 
writing oscillograph. A. Control: ventricular 
extrasystoles, multiple focus ventricular tachy- 
cardia, and death from ventricular fibrillation. 
B. Control: ventricular extrasystoles, multiple 
focus ventricular tachycardia and recovery. C. 
and D.: Epinephrine injected 30 minutes after 
Dibenamine, 20 mgm/kgm. Sinus tachycardia 
only (C) and sinus tachycardia with occasional 
ventricular extrasystole (D). 


by a thermo-writing oscillograph. Tracing A is 
that of a control dog which developed ventricular 
extrasystoles and tachycardia, and fatal ven- 
tricular fibrillation after epinephrine. Tracing B 
is that of a control dog which exhibited ventricu- 
lar extrasystoles and tachycardia, but survived. 
Tracings C and D are typical of those obtained in 
dogs protected by Dibenamine. Sinus tachycardia 
uniformly occurs. Although occasional ventricular 
extrasystoles are noted in some experiments, 
serious ventricular rhythms do not develop. From 
100 to 500 times the standard amount of epi- 
nephrine can be given without the occurrence of 
cardiac effects significanlty different than those 
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noted from the 10 microgram dose. Inasmuch as 
sinus tachycardia and increased cardiac output 
are not prevented by Dibenamine, it is obvious 
that the mechanism of ventricular fibrillation 
induced by epinephrine is not intimately related 
to the chronotropic and inotropic actions of the 
latter drug on the heart. 

Of the various drugs and procedures which 
have been employed to protect the heart against 
epinephrine in cyclopropanized dogs, only Priscol 
approaches Dibenamine in efficacy. When the 
standard test dose of 10 micrograms per kilogram 
of epinephrine is injected in dogs, both Priscol and 
Dibenamine prevent ventricular tachycardia and 
fibrillation, and greatly reduce the period of total 
cardiac irregularity (table 2). However, when the 
standard dose of epinephrine is increased only 
tenfold, that is, to 100 micrograms per kilogram, 
the efficacy of Priscol drops sharply whereas that 
of Dibenamine remains unaffected. Larger doses 
of both Dibenamine and Priscol are required to 
protect against cyclopropane-epinephrine cardiac 
arrhythmias than to reverse the pressor action of 
the same dose of epinephrine. 

Effect on experimental hypertension and experi- 
mental shock. A detailed presentation of the effects 
of Dibenamine therapy on experimental renal 
hypertension in animals is purposely omitted from 
this discussion. As is also true for the use of other 
adrenergic blocking drugs, the reported results are 
inconclusive (38, 40, 55). Dibenamine has also 
been utilized in animal experiments by Wiggers 
and co-workers (51, 54) in order to ascertain the 
réle. played by sympathetic vasoconstriction in 
crucial organs in the development of irreversible 
hemorrhagic shock. By preventing compensatory 
reflex vasoconstriction, Dibenamine permitted a 
significantly higher incidence of survivals than 
occurred in the control series. These observations 
are in agreement with the results of similar exjeri- 
ments by Nickerson and Price (36). 

Other manifestations of adrenergic blockade. 
Other features of adrenergic blockade by Diben- 
amine are as follows. The intact animal exhibits 
ptosis of the eyelid, marked extension of the nicti- 
tating membrane and miosis. Indeed, in man, 
pupillary constriction is the earliest and most 
sensitive indicator of Dibenamine’s action. The 
mydriasis, widening of the palpebral fissure and 
retraction of the nictitating membrane, in re- 
sponse either to epinephrine or to cervical sympa- 
thetic nerve stimulation, are largely blocked by 
Dibenamine. The effect of Dibenamine on the 
ciliary body and accommodation is not yet 
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known; the drug may provide a useful means for 
determining whether sympathetic nerves are at 
all concerned with accommodation. The pilo- 
motor response to sympathetic nerve stimulation 
is abolished. The erythremia and leukocytosis 
occurring during excitement and resulting from 
contraction of the spleen are prevented. Although 
denervated adrenergic effector cells are exqui- 
sitely sensitive to epinephrine, they fail to respond 
to 100 or more times the effective dose, if Diben- 
amine is given beforehand. Dibenamine markedly 
elevates the lethal dose of epinephrine (26, 40, 
49). This protective action may permit the par- 
enteral administration of sufficiently large 
amounts of the hormone to enable its fate and 
excretion to be studied with facility, and thus to 
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glands follow the peripheral neural pathways of 
the sympathetic system, sweating in man js 
usually considered to be a cholinergic and not an 
adrenergic function. Nevertheless, certain sympa- 
thomimetic amines are known to induce sweating, 
the failure of epinephrine to do so is usually ex- 
plained by the coexisting local vasoconstriction, 
Quantitative measurements of spontaneous pal- 
mar sweating in man have been made by 
Haimovici (20) who observed that Dibenamine 
caused marked inhibition. In addition, sweating 
induced by neo-synephrine was completely pre- 
vented by Dibenamine. This investigator inter- 
prets these facts to indicate that adrenergic 
sweating is a physiological phenomenon, at least 
in certain cutaneous areas. In any event, Diben- 


TABLE 2. Erricacy OF DIBENAMINE AND PRISCOL IN PREVENTING EPINEPHRINE-INDUCED CARDIAC 
ARRHYTHMIAS IN CYCLOPROPANIZED DOGS 





DOSE | 
MGM. 
KGM. 


TREATMENT 


NO. eet V.F. 


| | 

TOTAL CARDIAC | 

IRREG. % CHANGE | ae | % CHANGE 
in sec. | 





Standard test dose epinephrine, 10 ngm/kgm. 





Control =e 
Dibenamine 2 | #417 0% 
| 


Priscol 20 


25 | 32% | 14547 me 


6 | 0% 


$21.7 —98 
3 + 2.0 —98 








Test dose epinephrine, 100 ugm/kgm. 








Dibenamine co | 0% 


Priscol 6 


| aah ee] 0 
25 + 8.4 








17% | 65 + 15 — | 








Dogs were equilibrated to 30% cyclopropane-70% oxygen and the ECG recorded continuously ‘with 
a thermo-writing oscillograph. The standard test dose of epinephrine, 10 ugm. per kilogram, was then 
injected intravenously at a uniform rate during a period of 50 seconds. Ten times this standard dose 
was also employed. V.F., ventricular fibrillation; V.T., ventricular tachycardia. Mean duration of 
arrhythmia is given in seconds + its standard error. 


permit extension of the accumulating evidence 
(6, 14, 50) that the pathway of inactivation of 
epinephrine is conjugation with sulfate and subse- 
quent renal excretion, rather than enzymatic 
oxidative destruction. 

Most of the properties thus far described for 
Dibenamine pertain to smooth and cardiac 
muscle. But both sympathin and epinephrine act 
on other than muscular systems in the body. 
Therefore the influence of Dibenamine on these 
systems requires comment. Unfortunately, the 
evidence for blockade of exocrine glandular secre- 
tions in animals is as yet incomplete. In man, 
however, Dibenamine has been observed to in- 
hibit sweating. This is a most important finding. 
Despite the fact that the fibers innervating sweat 


amine should prove of value for reexamining the 
complex and much disputed mechanisms of 
sweating in man. 

Inability to block inhibitory adrenergic systems. 
A feature common to all adrenergic blocking 
drugs is that, in general, they are unable to re- 
verse or prevent the inhibitory effects of adren- 
ergic nerve impulses or of epinephrine. Although 
exceptions to this generalization have been re- 
ported, the observations are few in number and 
leave much to be desired with regard to careful 
control and analysis. The evidence that Diben- 
amine does not block or reverse inhibitory sympa- 
thetic functions is as follows: adrenergic vas0- 
dilatation is particularly prominent after Diben- 
amine; the pure vasodepression caused by Isuprel 
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(N-isopropyl analog of nor-epinephrine which 
lacks the excitatory component of vascular 
action) is not prevented; and smooth muscles 
which are relaxed by epinephrine or sympathetic 
stimulation are uninfluenced. Figure 9 illustrates 
the inability of Dibenamine to block the relax- 
ation induced by epinephrine in the non-pregnant 
cat uterus in situ. The two upper tracings show 
the vasopressor and vasodepressor responses to 
epinephrine, before and after adrenergic blockade. 
The two lower tracings show that uterine relax- 
ation occurs equally well, before and after Diben- 
amine. In contrast to the cat uterus, the rabbit 
uterus is contracted by epinephrine, in vivo and 
in vitro. This contraction is both prevented and 
reversed by Dibenamine. The intestine relaxes in 
response to epinephrine despite Dibenamine, and 
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Fig. 9. RESPONSE OF THE BLOOD PRESSURE and 
the uterus (in situ) in a non-pregnant cat (A) 
before and (B) after Dibenamine. Downward 
deflections in lower tracings indicate uterine 
relaxation. The arrows indicate intravenous 
injection of 2.5 ugm/kgm. epinephrine. Time in 
minutes; ordinate scale, mm. Hg. 


presumably the bronchial musculature does like- 
wise. It is thus established that only adrenergic 
excitatory systems are blocked by this class of 
drugs. If and when agents are discovered which 
produce specific blockade of adrenergic inhibitory 
systems, some insight may be gained into the 
basic differences between excitatory and in- 
hibitory sympathetic receptor mechanisms. 
Metabolic, respiratory and other systems. It is 
well known that the metabolic effects of epineph- 
rine are not significantly influenced by adrenolytic 
drugs. However, ergotamine and dihydro-ergot- 
amine are reported to block the epinephrine- 
induced rise in blood sugar (52). Dibenamine, in 
contrast, does not prevent this rise in blood sugar. 
Nor are the ,respiratory effects of epinephrine 
altered. For example, the characteristic but 
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transient ‘epinephrine apnea’, mediated through 
the carotid chemoreceptor system, is not blocked” 
by Dibenamine in doses which readily reverse the 
blood pressure response (fig. 10). Also hyper- 
ventilation, evoked by large doses of epinephrine 
and probably central in origin, is not prevented by 
Dibenamine. If sympathin and epinephrine exert 
a physiological effect on ganglionic and neuro- 
muscular transmission, as has been claimed (9, 
29, 30), it seems most unlikely that Dibenamine 
blocks their action at these loci; however, the 
problem deserves closer examination. 

Effect on other sympathomimetic amines. It is of 
both academic interest and practical importance 


mm 
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10ol 
A: 
Fig. 10. Errect OF EPINEPHRINE on respiration 
(upper tracing) and blood pressure (lower tracing) , 
before (A) and after (B) Dibenamine. Dog, anes- 
thetized with pentobarbital sodium. A. At the 
arrow, epinephrine was injected intravenously, 
5 wgm/kgm., and elicited the typical blood pres- 
sure response and transient apnea, the latter re- 
sulting from carotid chemoreceptor stimulation. 
Between A and B, Dibenamine was administered, 
15 mgm/kgm., and 45 minutes were permitted to 
elapse. B. The same dose of epinephrine was 
injected at the arrow. The pressor response was 
reversed but the transient respiratory arrest was 
unaffected. ' 





to know whether other sympathomimetic amines 
are affected by Dibenamine as is epinephrine. The 
theory of Gaddum and Kwiatkowski (17) and 
others proposes that ephedrine and perhaps other 
pressor amines exert their sympathomimetic 
actions in the body by preventing the oxidative 
destruction of epinephrine and sympathin. If this 
were true, one would expect their excitatory 
effects to be blocked by adrenergic blocking drugs. 

Dibenamine reduces the pressor responses to 
all 25 sympathomimetic amines tested to date, 
but the responses are not reversed in all cases. 
Amines which have the 3,4-catechol nucleus and 
an aliphatic substitution on either the nitrogen or 
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the beta carbon are readily blocked and reversed. 
Compounds with a single hydroxyl group on the 
aromatic nucleus are reversed with difficulty, but 
some vasodepressor action can be demonstrated 
in most cases. Finally, straight chain sympatho- 
mimetic amines, those with an unsubstituted 
aromatic ring, and those without an aliphatic 
substitution on either the nitrogen or the beta 
carbon can be reversed only under special 
conditions. 

A fact of practical importance is that the 
pressor effect of certain amines, such as amphet- 
amine and Tuamine, is only partially blocked by 
the usual doses of Dibenamine. By the use of such 
amines, it should be possible to elevate when 
necessary the blood pressure in patients given 
Dibenamine. The pressor activity of angiotonin 
is essentially unaffected by Dibenamine (19, 38, 
56), a fact which confirms the specificity of the 
Dibenamine blocking action. 

Since Cannon and Rosenblueth (11, 12) ad- 
vanced the hypothesis of two sympathins, the 
possibility that sympathin E is in reality nor- 
epinephrine has received ever-recurrent attention, 
in more recent times particularly by Gaddum and 
Goodwin (16) and by Euler (15). If the theory is 
correct, adrenolytic drugs should block but not 
reverse the pressor action of nor-epinephrine, and 
indeed this is the case. However, such evidence is 
merely contributory and not conclusive, and 
there are reasons not to accept the theory. 


PHARMACOLOGICAL ACTIONS IN MAN 


The pharmacological actions of Dibenamine in 
man (21, 22, 23) are essentially the same as those 
observed in laboratory animals, and may be 
summarized briefly. The effects of a single injec- 
tion persist for 36 to 96 hours. Resting blood 
pressure, heart rate and ECG in normotensive 
individuals are not significaritly altered. As has 
been shown by Haimovici and Medinets (21), 
Dibenamine lowers the blood pressure toward 
normal in patients with early or moderately ad- 
vanced essential hypertension, but not in patients 
in the malignant phase of the disease. As illus- 
trated in figure 11, a single infusion of Diben- 
amine in a subject with moderately advanced 
essential hypertension causes a significant reduc- 
tion in blood pressure, lasting many hours. The 
reduction can be maintained if Dibenamine is 
administered at appropriate intervals, but the 
therapeutic significance of this manometric suc- 
cess cannot be stated at present. Significant alter- 
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ation in basal heart rate is not observed. Ortho. 
static hypotension occurs in both normotensive 
and hypertensive individuals and is elicitable for 
12 to 24 hours after the drug. Postural tachy- 
cardia persists even longer. In the figure, the 
vertical broken line at the fifth hour depicts the 
fall in blood pressure which occurred when the 
patient assumed the upright position from 
recumbency. 

Dibenamine increases peripheral blood flow and 
elevates skin temperature, particularly in patients 
with neurogenic vascular spasm of the extremi- 
ties. Figure 12 illustrates the marked rise in 
cutaneous temperature of the toes following a 
single infusion of Dibenamine in a 35-year old 
patient with severe essential hypertension (22). 
In such advanced cases the systemic blood 
pressure usually does not fall. 

The pressor response to intravenous epineph- 
rine in man following Dibenamine is greatly re- 
duced or reversed as it is in animals. However, the 
sinus tachycardia, enhanced cardiac output, in- 
creased rate of blood flow and T-wave changes 
normally produced by epinephrine are not 
blocked (22). The customary hemodynamic re- 
sponses to the cold pressor, breath-holding and 
Flack tests are either markedly diminished, or 
abolished or reversed. Neo-synephrine injected 
intravenously in man causes a marked compensa- 
tory bradycardia secondary to the elevation of 
blood pressure; by reducing or preventing the 
rise in blood pressure, Dibenamine abolishes the 
neo-synephrine bradycardia. 

Arrhythmias elicitable in man by either cyclo- 
propane or epinephrine are decreased or pre- 
vented. Dibenamine in appropriate doses lowers 
the incidence and shortens the duration of omi- 
nous ventricular rhythms which occur in patients 
in the deeper planes of cyclopropane anesthesia. 
After Dibenamine, A-V nodal rhythm and occa- 
sional ventricular extrasystoles ordinarily com- 
prise the only abnormalities observed. As was 
noted in animals, larger doses of Dibenamine are 
required to prevent cardiac arrhythmias in man 
than to block or reverse most excitatory responses 
to adrenergic stimulation. 

Miosis appears early and persists for the dura- 
tion of action of Dibenamine. Nasal mucosal 
congestion is also common; it is probably caused 
by local vasodilatation from adrenergic blockade. 
Spontaneous sweat secretion is inhibited in some 
areas of the body. The functions of the respira- 
tory, gastrointestinal, genitourinary and somatic 
neuromuscular systems do not appear to be sig- 
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nificantly modified. Body temperature is un- 
altered and the blood picture is unchanged. As 
yet, careful studies of the action of Dibenamine 
on renal hemodynamics and renal function have 
not been reported. 


TOXICITY 


The toxicity of Dibenamine is manifested in 
two different ways, by local tissue damage and by 
stimulation of the central nervous system (21, 22, 
40). Although less irritating than the nitrogen 
mustards, Dibenamine can cause local tissue de- 
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amine appears adequate and cumulative toxicity 
from repeated clinical doses has not been 
observed. 

When Dibenamine is injected too rapidly by 
the intravenous route, evidence of central exci- 
tation occurs in both animals and man. In some 
patients, confusion, emotional lability, restless- 
ness, nausea and vomiting have been observed. 
These side-effects are transient. A slow rate of 
infusion or preliminary barbiturate sedation 
usually decreases or prevents these central mani- 
festations. The central stimulant action of Diben- 
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Fig. 11. Errect OF DIBENAMINE on the blood pressure and pulse rate of a hypertensive subject. 


The patient had moderately advanced but benign essential hypertension. Dibenamine 5 mgm/kgm. was 
infused intravenously during the interval shown by the black rectangle. Observe the extent and long 
duration of the fall in systolic and diastolic blood pressures, and the absence of significant effect on 
cardiac rate. The vertical broken line at the 5th hour indicates the extent of fall of the blood pressure 
upon the patient’s assuming the upright position from recumbency. (After Haimovici and Medinets, 
1948.) 


' Fig. 12. Errecr oF DIBENAMINE on cutaneous temperature in man. Temperature was measured by 


means of thermocouples on the right and left second toes, before, during and after the slow intravenous 
infusion of 5 mgm/kgm. Dibenamine in a 35-year old male with severe essential hypertension. The pa- 
tient was resting without covers in a warm room. Note the rise in skin temperature and the absenge of 





significant changes in the blood pressure. (After Hecht and Anderson, 1947.) 


struction. Parenteral administration in man is 
permissible only by the intravenous route. Para- 
venous injection must be avoided and certain 
precautions observed to prevent local phlebo- 
thrombosis. Gastrointestinal irritation from oral 
administration of the drug occurs in some but not 
in all patients and may interfere with therapy by 
this route; indeed, the response to oral medication 
is rather inconstant and unpredictable. Diben- 
amine exhibits none of the hemotoxic properties 
so characteristic of the nitrogen mustards, prob- 
ably because it possesses only a single 6-chloro- 
ethyl grouping. The therapeutic ratio of Diben- 


amine is quite unrelated in time and in mechanism 
to the adrenergic blocking action. Indeed, almost 
identical central effects are caused by the hy- 
drolysis product, N ,N-dibenzyl-ethanolamine 
(40); this aleohol exhibits no adrenergic blocking 
activity. 

A peculiar psychic feature of the central effect 
of Dibenamine deserves comment. In some 
patients, there occurs a type of transient repeti- 
tive temporal hallucination or reduplicative para- 
amnesia in which an event seems to have been 
already experienced at the very moment when it 
is being experienced. With regard to the visual 
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component, this is the well-known phenomenon 
of déja vu. Psychiatrists may find Dibenamine a 
valuable drug for investigating the nature and 
significance of this fascinating psychic reaction. 


THERAPEUTIC POTENTIALITIES 


The therapeutic potentialities of Dibenamine 
require brief mention. If a new drug is not to 
remain merely an interesting curiosity or a useful 
laboratory tool, it must have clinical potentiali- 
ties commensurate with its pharmacodynamic 
properties. On the basis of its pharmacological 
actions, Dibenamine and its congeners should be 
of value in conditions in which partial or complete 
blockade of excitatory adrenergic functions is 
indicated for diagnostic purposes or for sympto- 
matic or specific therapy. These conditions, to 
mention only the more obvious, would include 
peripheral vascular diseases, such as thrombo- 
phlebitis, acute arterial occlusion, frostbite, 
causalgia, Raynaud’s disease, organic vascular 
insufficiency with components of functional 
spasm, etc.; and certain phases of hypertensive 
disease, particularly refractory headache and 
hypertensive crises such as acute encephalopathy 
and retinopathy. In addition, Dibenamine may 
prove useful in the diagnosis of pheochromocy- 
toma and in ameliorating symptoms of the associ- 
ated hypertensive crises; and it may afford pro- 
tection against serious ventricular rhythms 
occurring during general anesthesia, especially 
with cyclopropane. The drug may also prove 
serviceable in the selection of those patients with 
hypertension or other syndromes, most likely to 
experience a salutary response to generalized or 
regional sympathectomy; and as a test for the 
completeness of sympathetic neurectomy. Indeed, 
clinical results to date, although still limited, 
suggest that Dibenamine may be of value for a 
number of the purposes mentioned. 

It is obvious that, in general, the field of useful- 
ness of the drug overlaps that of tetraethylam- 
monium bromide, Priscol, paravertebral local 
anesthetic block and surgical resection. Conceiv- 
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able advantages of Dibenamine over other 
methods of interrupting sympathetic efferent 
pathways include its specificity of action, its 
prolonged effect, its blockade of all vascular beds 
simultaneously, the avoidance of sensitization to 
epinephrine and sympathin, the reversible nature 
of its action, and the lack of effect on sympathetic 
vasodilator and inhibitory functions. 

For the present, the intravenous administration 
of Dibenamine is a procedure restricted to hos- 
pitalized patients. The drug is being investigated 
in a number of university hospitals and clinics, 
and one may anticipate that the results of these 
studies will determine the value and limitations of 
Dibenamine and delineate its status in compari- 
son with other therapeutic agents and procedures. 


SUMMARY 


In summary, it may be stated that a new series 
of potent, specific and long-acting adrenergic 
blocking agents has been developed which has 
academic and heuristic value for investigating the 
physiology of the sympathetic nervous system, 
and which provides a fresh approach for such 
investigations. In addition, the most carefully 
studied member of the group has been employed 
clinically with encouraging preliminary results in 
a variety of diseases and syndromes in which 
therapeutic peripheral blockade of the excitatory 
adrenergic system is indicated. 

The discovery of the Dibenamine series has 
raised many questions which are as yet un- 
answered. Pharmacologists are the first to recog- 
nize that the use of a new drug as a physiological 
tool frequently raises more problems than it 
solves. Whatever else the discovery of this group 
of drugs may accomplish, it has renewed the 
interest in the field of adrenergic blockade. Ex- 
perimental and clinical applications of Diben- 
amine and its congeners may reasonably be ex- 
pected to yield new and valuable information on 
the normal and pathological physiology of the 
sympathetic nervous system. 
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NUTRITIONAL SIGNIFICANCE OF THE INTESTINAL FLORA 


C. A. ELVEHJEM 


Department of Biochemistry, University of Wisconsin 


Ten years ago considerable skepticism was 
encountered when attempts were made to explain 
variations in the nutritional requirements of 
different species of animals on the basis of intesti- 
nal synthesis of vitamins. Today there is a 
tendency to use this explanation for many of the 
results that are not readily understood in nutri- 
tion studies. Since new approaches to a problem 
are often over-emphasized after the original re- 
sistance has been overcome, I should like to dis- 
cuss in an impartial manner the nutritional 
significance of the intestinal microflora in light of 
our present knowledge. 

The term ‘nutritional significance’ is used for a 
specific purpose because the organisms may be 
responsible for both synthesis and destruction of 
nutrients, for production and inactivation of toxic 
agents, as well as for alterations in the digestive 
mechanisms. 

The term ‘intestinal flora’ is not so satisfactory 
since it suggests that all the organisms present 
can be identified and measured quantitatively. 
Unfortunately, such a tabulation is impossible 
and preliminary studies indicate that much more 
work is needed before the entire population can be 
accounted for. Furthermore, little attention has 
been given to the variations encountered in 
different parts of the intestinal tract. 

We must admit from the beginning that one of 
the important approaches to the problem involves 
the use of germ-free animals and animals in which 
specific flora are established. Studies in this field 
have been reviewed by Glimstedt (1) and by 
Reyniers (2). It appears that this work will be 
expanded in the near future, but in the meantime 
we will have to rely largely upon the indirect 
approach. Actually, this phase of the problem 
may have greater practical application because 
all humans and most animals must live in the 
presence of a multiple flora. If we are to make use 
of the bacterial activity we are dependent upon 
those organisms already established in the tract, 
although eventually it may be possible to modify 
the flora to the advantage of the host. 

Time does not permit an historical resume, but 
it is interesting to note a few of the significant 
early contributions. Probably the first to observe 


the importance of intestinal bacteria in nutrition 
from the modern view point were Osborne and 
Mendel (3) in 1911. Their paper. has become a 
classic, not because of the specific subject studied, 
the comparative nutritive value of various pro- 
teins, but because it introduced the use of the rat 
in nutritional problems and gave further evidence 
for the existence of accessory food substances. 
They found that rats which had been maintained 
for long periods of time on isolated food stuffs 
became koprophogists especially when deficiency 
symptoms developed. In nearly every case the 
occasional addition of a small amount of feces 
from a normally fed rat stopped the decline in 
weight of the deficient animals. Cooper (4) and 
Portier and Randoin (5) detected vitamin B in 
the feces of chickens and rabbits by feeding the 
feces to polyneuritic pigeons. 

Further interest in this problem developed 
during 1923-25 when several workers (6, 7, 8) 
attempted to improve the biological assays for 
vitamin B. Steenbock, Sell and Nelson (6) ob- 
served that rats grown on raised screens required 
at least twice the amount of a supplemeiit to 
prevent vitamin B deficiency as those having their 
feces always available. Heller et al. (8) and Salmon 
(9) emphasized that it was even more important 
to prevent the consumption of feces when the rats 
were given a roughage or certain natural foods. 
Shortly after these studies Fredericia (10), Roscoe 
(11) and Kon and Watchhorn (12) described a 
phenomenon whereby rats which had _ been 
depleted on a B complex deficient diet spontane- 
ously resumed growth and normal appearance 
without the administration of vitamin-containing 
supplements. These spontaneous recoveries were 
obtained in rats fed rations containing a large 
amount of uncooked starch and were accom- 
panied by the production of bulky gas-occluded 
white feces. Fredericia called this phenomenon 
refection from the Latin reficere, to restore. Al- 
though some workers have failed to produce 
refection, many workers have now described the 
condition (reviewed by Kelly and Parsons, 13) 
and the original interpretation remains un- 
changed. 

How the refected rats obtain the vitamins of 
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bacterial origin, whether through vicarious prac- 
tice of coprophagy or by direct absorption from 
the tract supposedly in the region of the cecum, 
has not been clearly determined. In ruminants 
where synthesis of most of the B vitamins has 
been demonstrated there can be no question re- 
garding the direct use of the vitamins, but in 
these animals the rumen contents pass into regu- 
lar digestive channels. Much effort has gone into 
attempts to prevent coprophagy in rats but 
complete elimination has rarely been obtained. 
We (14) have recently developed a so-called tube 
eage which effectively prevents the consumption 
of feces, but it has not been used in cases of 
refection. 

Guerrant and Dutcher (15) reported that only 
the feces from dextrin-fed rats had any beneficial 
effect when fed to deficient animals, that the cecal 
contents were more active than the material from 
the rest of the tract and that yeast cells were 
probably responsible for the synthesis of the 
vitamins. Morgan, Cook and Davison (16) found 
that lactose favors production of riboflavin and 
pyridoxine and that corn starch favors the pro- 
duction of the filtrate factor (probably panto- 
thenic acid). 

Lamoreau and Schumacker (17), working with 
chicks, found twice as much riboflavin in the 
excreta as in the feed if no precautions were taken 
in collecting the feces. However, if the feces were 
placed directly in alcohol no. more riboflavin 
occurred in the excreta than could be accounted 
for by the feed. Actually there was a 100 per cent 
increase in the riboflavin content of the feces 
when held at room temperature for several days. 
These results, together with the fact that the 
young chick readily develops a vitamin K de- 
ficiency while rats can rely upon intestinal synthe- 
sis of vitamin K, led to the idea that vitamin 
production in the tract of chicks is very limited. 
However, this may not be true in the case of all 
the essential factors. 

Let us now turn to experiments conducted with 
more highly purified rations. The composition of a 
typical ration now widely used is given in table 1. 
Weanling rats placed on this diet will grow 25-30 
grams per week over a six-week period. Actually 
five of the 10 B vitamins listed can be omitted 
without affecting the rate of growth. Of these five 
vitamins, four certainly must be produced 
through some synthetic mechanism because the 
total amount in the rat increases with the growth 
of the animal. The best evidence for intestinal 
synthesis is available in the case of folic acid and 
biotin. If folic acid is omitted from the ration and 
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0.5 to 2 per cent of succinylsulfathiazole or 
phthalylsulfathiazole is added, poor growth and 
granulocytopenia develop (18). Results tabulated 
in table 2 show that the amount of folic acid in the 
liver (19) and in the cecal contents (20) decreases 
when the drug is fed. Some of the folic acid must 
be absorbed directly from the cecum, since rats 
kept in tube cages show approximately the same 
amount of folic acid in the liver as those kept in 
ordinary cages. However, rats kept on a synthetic 
ration with the five B vitamins show a greater 
growth response to both folic acid and biotin 


TaBLE 1. A TYPICAL PURIFIED RATION 
gm. mgm. 
Oe 73 Thiamine....... 0.2 
Caeeim.............. 8 Ribeievin...... 0.3 
eee ee 5 Pyridoxine. .... 0.25 
a eee 4 Ca pantothen- 
BB cio ety: 2.0 
Vitamins A, D, E and Choline chlor- 
and K_ supplied as M455 sisheess ae 
haliver-oil fortified Niacin.......... 5.0 
witha-tocopheral and Inositol........ 10.0 
2-methyl-naphtho- | 0.01 
quinone Folicacid....... 0.02 
p-Aminobenzoic 
ROD Seca 25.0 


TABLE 2. EFFECT OF PHTHALYLSULFATHIAZOLE 
ON THE FOLIC ACID CONTENT OF LIVER 
AND CECUM OF RATS 








sucnos™ [nasa + 2% 

Average growth/week for 4 

MM Anta hi & actueied atts 31 12 
Folic acid content of liver, y/ 

BR sors Se edea tn etn peas 0.7 0.3 
Folic acid content of cecal 

contents after 2 wks., y/ : 

MRD 8. Gk awa Seed is 0.85 0.03 











when the rats are kept in a tube gage than when 
kept in the ordinary cage. A definite modification 
in the composition of the flora in the cecum can be 
demonstrated during these changes (21). The 
drug depresses both the coliform and lactobacillus 
groups. The coliform group is changed most 
rapidly but shows a tendency toward re-establish- 
ment. The lactobacillus group is altered more 
slowly but the change is more permanent. 

The mouse and the dog are similar to the rat in 
that no folic acid is needed preformed in the diet. 
However, the chick and the monkey require 
definite amounts although the type of carbo- 





| 


as Ses 





412 FEDERATION PROCEEDINGS 


hydrate and the level of fat may influence the 
total amount needed by the chick (22). Succinyl- 
sulfathiazole does not produce a more severe folic 
acid deficiency in the monkey, but it may increase 
the requirement for the chick (23). 

Very similar results are available for biotin. The 
addition of succinylsulfathiazole precipitates a 
biotin deficiency in the rat and Wright and Welch 
(24) have reported a decrease in the liver biotin 
from 0.7 to less than 0.3 y/gram of fresh tissue as 
the deficiency develops. While growing chicks 
must receive a definite supply of preformed biotin 
in the ration, laying hens can obtain appreciable 
quantities through intestinal synthesis when the 
basal ration contains dextrin. Data in table 3 
obtained by Couch et al. (25) show that the biotin 
content of eggs, from hens receiving dextrin as the 


TABLE 3. BIOTIN CONTENT OF EGGS FROM HENS 
FED DIFFERENT CARBOHYDRATES 











RATION 0 WKS. | 3 WKS. | 8 WKS. 
/gram fresh material 

Sucrose | 

oe | See Se 0.5 | 0.05 0.01 

LR IE 0.1 | 0.00 0.00 
Dextrin 

NS Obie egies | 0.5 | 0.35 0.15 

White | 0.1 0.02 | 0.004 
Practical | 

MME 533 Ses < cies . O.3 0.50 0.5 

ric, | 0.1 0.10 0.1 
Sucrose + biotin | 

OR ge bg reas 0.5 0.60 0.5 

Ll | 0.1 0.11 0.11 











carbohydrate, is much higher than that of eggs 
from hens on sucrose rations. The values do not 
equal those obtained for eggs from hens on prac- 
tical rations but the level is high enough to allow 
good hatchability. The eggs from the hens on the 
sucrose ration fail to hatch after two weeks while 
eggs from hens receiving the dextrin ration con- 
tinue to hatch over a period of eight months. 
Johansson, Shapiro and Sarles (26) found that the 
feces from the hens on the sucrose ration were 
nearly devoid of coliform organisms and that 
yeast largely replaced the coliform flora. Feces 
from the hens receiving dextrin contained 10 
times the number of coliforms found in the feces 
from hens receiving sucrose plus biotin. Sarma, 
Snell and Elvehjem (27) have presented definite 
evidence for an increased synthesis and utiliza- 
tion of vitamin Bg when dextrin is used in place of 
sucrose in purified rations. 
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Cunha et al. (28) found no beneficial effect on 
external appearance, growth or efficiency of feed 
utilization in pigs during a seven-week period 
when either folic acid or para-aminobenzoic acid 
was added alone or in combination with inositol 
and biotin to the basal ration containing the first 
six B vitamins listed in table 1. However, Lindley 
and Cunha (29) found the pig did need biotin or 
inositol when phthalylsulfathiazole was included 
at a level of 0.5 per cent in the ration. The 
addition of inositol alone alleviated to a large 
extent the symptoms prevented by biotin, which 
indicates that inositol may stimulate the synthe- 
sis of this vitamin. Woolley (30) has presented the 
best evidence for the bacterial synthesis of in- 
ositol. Organisms, cultivated from the intestinal 
tract of mice which had exhibited a spontaneous 
cure of inositol deficiency, synthesized this vita- 
min to a much greater extent than did organisms 
isolated from the tract of deficient mice. The 
organism was shown to be a gram-negative one 
but not the most prominent gram-negative organ- 
ism in the tract, namely E. coli, because it does 
not form inositol. Spitzer and Phillips (31) have 
reported that rats fed certain soybean oil meal 
rations develop a characteristic alopecia which 
responds to either inositol or biotin. Furthermore, 
cystine or methionine were effective and they 
suggest alterations in the intestinal flora as one of 
the possible mechanisms involved in these rela- 
tionships. é, 

There is ample evidence for the synthesis of 
niacin in the rat. On a typical synthetic ration 
without added niacin the excretion may be 100 
times the intake (32). This undoubtedly explains 
the difficulty encountered by early workers in 
producing a pellagra-like syndrome in the rat. 
However, a condition which will respond to niacin 
can be produced in this animal by using a ration 
low in tryptophane and high in certain other 
amino acids (33), especially threonine and phenyl- 
alanine. A few typical results are given in table 4. 
It appears that 1.5 mgm. of niacin has the same 
effect as 50 mgm. of tryptophane, if the basal 
ration contains 100 mgm. of tryptophane. 

It is clearly established that tryptophane can 
be converted into niacin in the animal body, but 
whether this relationship is dependent upon in- 
testinal synthesis has not been clearly established. 
One possible explanation is that when ample 
quantities of niacin are synthesized by the bac- 
teria, part of the tryptophane does not need to be 
converted to niacin and is, therefore, conserved 
for use as an amino acid. On the other hand, a 
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high intake of niacin may alter the flora so that 
less tryptophane is destroyed by the microflora. 

An argument against the action of the bacteria 
is that the relative requirement of these nutrients 
is not influenced by sulfa drugs. This fact may 
not be too significant because we know that the 
feeding of these drugs does not completely elimi- 
nate any group of organisms and, furthermore, 
these drugs may alter the quantity of organisms 
involved in the production of folic acid and biotin, 
but not those involved in the production or de- 
struction of niacin. We may also mention that 
niacin is synthesized in the egg during incubation 
when no bacteria are present (34). 

The best evidence in favor of bacterial activity 
is the fact that dextrin, high fat (35) and a low 
intake of certain free amino acids favor the pro- 
duction of niacin. Very recently Henderson and 
Hankes (unpublished data) have observed an 











TaBLE 4. GROWTH DEPRESSING EFFECT OF SINGLE 
AMINO ACIDS 
AV. WEEKLY 
GAIN IN GRAMS 
Niacin Niacin 
fo NS See. Eee ae ar ae mee 11 16 
“ + 156% DL-threonine....... y 20 
“ +4 078% DL-threonine....... Z 
“ + 104% DL-phenylalanine . i 17 
‘ + 052% D-phenylalanine..... 9 
ae: ° SS eee 5 16 
“ + 2% DL-alanine.............| 18 14 








actual increase in the nicotinic acid content of the 
feces from rats fed extra threonine, in spite of the 
fact that these rats suffer from a niacin or trypto- 
phane deficiency. This change may be due to the 
reduced amount of feces, but the flora may be 
altered so that more niacin is tied up by the organ- 
isms in the lower part of the tract making less 
available for absorption. Teply e¢ al. (20) found 
the largest amount of niacin per gram of cecal 
contents of rats fed a dextrin diet. The inclusion 
of 2 per cent phthalysulfathiazole caused a 
marked decrease in the niacin on a per gram basis, 
but the ceca increased in size so that there was 
practically no change in the totai amount present. 
It is interesting to point out in relation to these 
studies that Gall, Fenton and Cowgill (38), work- 
ing with two strains of mice differing in their 
riboflavin and pantothenic acid requirements, 
found that the mice with the lower requirement 
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had a higher amount of cecal contents and bae- 
terial count per cecum. No great variation in the 
composition of the flora was found although a 
gram-negative anaerobe rod occurred more 
frequently in the mice with the: lower require- 
ment. Excess folic acid in the diet increased the 
niacin synthesis and this effect was eliminated by 
the sulfa drug. Work with dogs (36) has shown 
that folic acid improves the response of these 
animals to standard doses of niacin. 

Rosen, Huff and Perlzweig (37) found the 
omission of pyridoxine from the rats resulted in a 
progressive decrease in the urinary excretion of 
niacin derivatives after doses of tryptophane. 
This defect was not restored to normal even after 
two weeks of vitamin Bg supplementation, and 
they suggested that delayed changes in the bac- 
terial flora may account for this effect. However, 
they countered this suggestion with the fact that 
formation of these derivatives responds very 
rapidly to parenteral injection of tryptophane. 

Several years ago du Vigneaud and coworkers 
(39) pointed out that an-occasional animal showed 
some growth on a diet containing homocystine 
with no added cystine and suggested that this 
response might be due to refection. Later these 
workers (40) reported small but significant 
amounts of labile methyl groups synthesized in 
the rat and suggested that intestinal bacteria 
were involved. Thus we can find evidence for 
intestinal synthesis of practically all the B vita- 
mins listed in table 1 but the degree of synthesis 
and utilization of the factors produced need much 
more study. The newer results are in agreement 
with the early data, namely that more synthesis 
usually occurs on a dextrin diet. This appears to 
hold for niacin, vitamin Be, biotin, folic acid and 
possibly unknown factors, although I doubt, that 
we can make a general conclusion. Coates et al. 
(41) clearly established the production of riboflavin 
during refection and that more riboflavin may be 
produced than thiamine. Mannering et al. (42) 
found a large production and utilization of ribo- 
flavin in rats fed a ration high in lactose, but the 
growth was not as great as on sucrose rations. 
Baumann and Clayton (unpublished data) have 
obtained interesting results in this connection 
during their study on the effect of different carbo- 
hydrates on the incidence of liver tumors in rats 
given azo dyes. More riboflavin was found in the 
liver, feces and urine from rats receiving lactose 
than those given sucrose. With dextrin diets, the 
liver and feces contained a higher amount than 
with sucrose diets, but the urine was significantly 
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lower. Thus dextrin may actually allow the in- 
crease in growth of organisms which prevent the 
utilization of riboflavin by the animal. 

Gall, Illingworth, Cowgill and Fenton (48) 
found interesting differences between cocci found 
in ceca of mice fed different carbohydrates. The 
coccus characteristic of the flora found in mice 
fed dextrin diets grew well on synthetic broth 
lacking folic acid and liberated large amounts of 
this vitamin into the environment. On the other 
hand, the coecus found in the animals receiving 
dextrose diets showed little or no growth in the 
folic acid-deficient broth and liberated little if 
any of the vitamin. 

High fat rations are known to decrease the 
production of riboflavin, but in the presence of an 
adequate dietary source of this vitamin differ- 
ences in the rate of growth of rats can be observed 
when different fats are used in lactose and sucrose 
rations. Differences between corn oil and butter 
fat (44) may be explained on the basis of an 
additional factor in butter fat which is limiting in 
these rations or on the basis that corn oil inhibits 
or stimulates the growth of certain organisms 
which produce or destroy additional factors. 
Nath (unpublished data) has clearly demon- 
strated a large decrease in the cecal coliform count 
when 28 per cent of fat is used in place of 10 per 
cent fat. Thus, if the animal depends upon the 
coliform organisms for a supply of certain limiting 
factors, it is not surprising to find deficiencies on 
high fat rations which are not observed on low fat 
rations. So far we have been unable to show con- 
sistently any differences in the flora in the rats 
given 28 per cent butter fat and 28 per cent corn 
oil. However, the variation may occur in the types 
which are counted with difficulty. Early in the 
use of microbiological assays for vitamins it was 
observed that fatty acids markedly affected the 
growth of lactic acid bacteria. Williams and 
Fieger (45) found that oleic acid can eliminate the 
requirement of L. casei for biotin. Williams, 
Broquist and Snell (46) found oleic acid essential 
for certain cultures of lactic acid bacteria even in 
the presence of biotin, but for a strain of L. 
bulgaricus oleic acid was found to be so toxic that 
its growth-promoting action can only be observed 
within a very narrow range of concentration. 
These few examples can readily explain why fats 
may have a profound effect on the intestinal flora. 

In guinea pigs, Booth (unpublished data) has 
recently shown that there is little advantage of 
dextrin over sucrose in the synthetic rations he 
has used (table 5). However, the addition of gum 
arabic or other pentosan-rich materials produces a 
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significant improvement in the growth and ap- 
pearance of these animals. The effect may be 
related to an increased synthesis of certain factors 
or it may tend to decrease the number of un- 
favorable organisms. Since liver and other foods 
high in unknown factors do not produce a bene- 
ficial effect, the latter explanation may be a pos- 
sibility. Hale, Duncan and Hoffman (47) have 
recently shown that iodophile microérganisms in 
the rumen play an important réle in digestion 
and, furthermore, function in the synthesis of 
fatty acids when alfalfa hay or beet pulp rations 
are fed. Both of these materials have been found 
beneficial in the guinea pig. Reyniers (2) has 
presented evidence that germ-free guinea pigs 
fail to utilize either purified or crude rations 
although they eat readily and he suggests that 


TABLE 5. GROWTH OF GUINEA PIGS ON PURIFIED 











RATIONS 
RATION See) “| ez 
| 
| gm/day 
1 Basal sucrose....... = | 2 | 2.4 
2 Basal dextrin....... | 7 4 | 1.9 
3 Basal sucrose + | | 
gum arabic....... | 12 0 3.8 
4 Basal dextrin + | | 
gum arabic.......| 6 1 | 4.0 
5 Basal sucrose + | 
gum arabic + 15%| | 
oop 44 
6Stockration........ | 27 0 ta 





All results calculated after 6 weeks. Animals 
on rations 3 and 4 failed after six weeks. 


digestion may be impaired in the absence of the 
microérganisms. 

Although Salmon (9) emphasized that the con- 
sumption of feces was more important when 
natural foods were fed, there is evidence that the 
requirement for unknown factors may be greater 
when natural food mixtures are used. If we return 
to table 1, we find that rats grow 25-30 grams per 
week on this synthetic ration, and the rate can be 
increased 6-8 grams per week by supplementing 
the ration with liver preparations. More uniform 
differences are obtained if a corn-soybean ration 
is used in place of the synthetic mixture (48). The 
results are even more striking when chicks are 
used (49), and a few typical results are given in 
table 6. Part of the difference between the two 
diets may be due to the presence of casein, since 
Cary and coworkers (50) have shown that casein 
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carries an additional growth factor for rats. How- 
ever, our chick rations contain 7.5 per cent casein 
and a significant growth response to liver fractions 
is still obtained. Evidence for the bacterial syn- 
thesis of this factor has been obtained by Rubin, 
Bird and Rothchild (51) who find a factor present 
in the feces of hens. 

When a greater variety of processed foods is 
used for rats a growth retardation is obtained 
which is counteracted only upon the addition of 
both extra amounts of B vitamins and casein or 
methionine (table 7). Since these original rations 
contain sufficient B vitamins to meet the ordinary 
requirements of the rat, this effect may also be 
dependent upon changes in the micro flora. The 
relation of vitamins and amino acids is not sur- 
prising since we are finding more and more evi- 


TaBLE6. GROWTH RESPONSE IN CHICKS FED CORN- 
SOYBEAN MEAL RATIONS 





AV. WT. 4 
WEEKS 





gm. 
TERS Sie ee eae 159 
‘* + 3% Condensed fish solubles...| 259 
“+ .05 cc. Reticulogen per chick 


per day (1U.8.P.unit)...... 240 
“+ .005 cc. Reticulogen per chick 

per day (.1 U.S.P. unit)....| 254 
‘* + 001 cc. Reticulogen per chick 

per day (.02 U.S.P. unit)... 210 


‘* + .065 cc. Armour prep. per 
chick per day (1 U.S.P. 
TPL Bp hal bo as eh abi x nn 228 








dence for interrelationships between these sub- 
stances in metabolisms. We need only mention 
the relation of biotin to aspartic acid (52), trypto- 
phane to niacin and vitamin Be, and the recent 
work of Kidder and Dewey (53) that serine can 
act as an antagonist to the growth inhibition 
produced in the siliated protozoa by nine essential 
amino acids. In this connection I might mention 
that the action of certain vitamin antagonists 
may be produced through their effect on intestinal 
bacteria as well as on the animal tissues. For 
example Banerjee and Elvehjem (54) found the 
unfavorable effect of glucoascorbic acid in rats 
was counteracted by liver extract rather than 
ascorbic acid. 

The effect of the level of B vitamins in the diet 
on an animal’s requirement for other factors is 
best exemplified in recent work with dogs. Dogs 
grow and develop remarkably well on synthetic 
diets containing the first six B vitamins. How- 
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ever, if niacin is omitted and no folic acid is 
supplied, a condition is finally obtained which re- 
sponds to the same liver fractions which are active 
in the chick. Another interesting condition is 
obtained if dogs are maintained on the synthetic 
diet without folic acid and with no added fat. The 
animals show a rapid decline in weight and they 
can only be saved by giving folic acid plus butter 
fat. Either one alone is not effective and folic acid 
plus corn oil does not work. However, folic acid 
plus a mixture of adenine, thymine and uracil is 
active. The kind of fatty acid present may be 
important along with folic acid in the synthesis 
of purines. 

So far no mention has been made of the ability 
of different species of bacteria to synthesize vita- 
mins and amino acids, the degree of synthesis or 
the distribution of the compounds formed be- 
tween the cells and the surrounding medium. 


TABLE 7. GROWTH OF RATS ON A MIXTURE OF 
PROCESSED FOODS 








AV. WT. AT 
END OF 

5 WEEKS 
gm. 
[2 ea ee: Lek ae dd 98 i 112 
Basal + all ‘“B’vitagy@................ 144 
Basal + 5% casein.................... 158 
Basal + all ‘B’ vitamins + 5% casein. 192 

Basal + all ‘B’ vitamins + 0.6% DL- 

RG URNURN RO GO) oer erase HI deoacsiesece 32% 184 








Results available up to 1945 have been reviewed 
by Peterson and Peterson (55). The importance of 
secretion of vitamins into the medium was empha- 
sized by Thompson (56) who showed that the 
liberation of biotin by Proteus vulgaris. paxallels 
the growth or may even precede growth. Mitchell 
and Isbell (57) have concluded that inositol, 
nicotinic acid, riboflavin and thiamine are found 
to a considerable extent within the cells and 
appear in the surrounding medium to a small 
extent, that pantothenic acid and folic acid diffuse 
to a somewhat larger extent and that biotin and 
pyridoxine apparently move freely from the cells 
into the medium. The opposite reaction is cer- 
tainly a factor in nutrition since Ness, Price 
and Parsons (58) have found that the adminis- 
tration of fresh yeast to human subjects reduces 
the absorption of thiamine by the body. The 
avidity with which microorganisms take up vita- 
mins apparently depends upon whether the vita- 
min in question is an essential nutrient or can be 
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produced by the cells themselves. Chang and 
Peterson (unpublished data) have shown that 
Saccharomyces cerevisiae will take up very large 
quantities of biotin when it is added to the 
medium (200 times that on a low biotin medium), 
while Torula utilis which can make its own biotin 
takes up very little. Further, Krueger and Peter- 
son (59) have shown that Lactobacillus pentosus 
124-2, which needs biotin, takes up very large 
quantities from the culture medium. In the diges- 
tive tract, therefore, we are dealing with vari- 
ations in the synthetic ability of different organ- 
isms, with variations in the liberation of the 
vitamins from the cell and variations in the 
hoarding ability of neighboring cells. 

Time does not permit a discussion of the sig- 
nificance of all these interrelationships in human 
nutrition. Perhaps it is only necessary to mention 
the recent work of Denko et al. (60), which indi- 
cates that intestinal bacteria can synthesize 
large quantities of certain B vitamins when 
healthy young adults are maintained on a re- 
stricted intake of these vitamins. The absorption 
from the tract may be the limiting factor, since 
the urinary excretion decreased during reduced 
intake in all cases except biotin and pantothenic 
acid, while the fecal excretion showed little 
change. If we disregard for a moment the compli- 
cating factor of absorption figures showing total 
excretion in human subjects, daily requirement 
and synthetic ability of different organisms can be 
tabulated for several B vitamins. Such figures are 
given in table 8. It is evident that there is a rough 
correlation between the synthetic ability of the 
bacteria and the total excretion for some of the 
vitamins. However, we must not place too much 
emphasis on this correlation because the organ- 
isms showing highest synthetic ability may not 
flourish in the tract. The fact that under optimum 
conditions a significant fraction of the total re- 
quirement of a known vitamin may originate from 
the intestinal flora is not nearly as important in 
human nutrition as the possibility that under 


Volume 7 


disturbed conditions the supply of an unknown 
factor which is normally produced by the flora is 
reduced to a point where a conditioned deficiency 
develops. This is the area of nutrition which needs 
greatest attention and which will yield the most 
valuable results in the next few years. 

In summary, I doubt that anyone can question 
the importance of intestinal flora in nutrition. In 
fact, it is surprising that so little attention has 
been given to this subject during the evolution of 
our knowledge. Certainly the quantitative require- 
ment of many of the vitamins, some of the amino 


TaBLE 8. SYNTHESIS OF VITAMINS BY BACTERIA 
AND THE EXCRETION OF VITAMINS BY 
HUMAN SUBJECTS 








DAILY | ML. NECES- 
CONTENT/CELL HUMAN SARY TO EXCRE- 
AND CULTURE RE- SUPPLY TION 
FILTRATE QUIRE- REQUIRE- INTAKE 
MENT MENT 
y/ml. mgm. 
Thiamine....| .0032- .15 1.5 10,000 1 
Riboflavin...| .02 -8.5 2.0 250 
Niacin......| .028 -4.6 | 15.0 3,000 1 
Vitamin Bg. .| .0049- .024) 1.5 | 60,000 3 
Pantothenic 
a .0303-0.99 | 5.0 5,000 3 
Brotin.......... .0005- .035|) 0.1 3,000 8 

















acids and perhaps some of the fatty acids are 
directly dependent upon the intestinal bacteria, 
and indirectly the microflora is probably related 
to the requirement of practically all nutrients. It 
is unnecessary to emphasize that the data which 
I have summarized are far from complete and that 
much more work is needed. However, the proper 
interpretation of the results which are now avail- 
able and the additional studies carried on in the 
future will not only be valuable in nutrition but 
will be useful in understanding the fundamental 
metabolism of all living cells. 
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RENAL EXCRETION OF ACID 


ROBERT F. PITTS 


From the Department of Physiology, Syracuse University College of Medicine 


In the metabolism of proteins and lipids, organ- 
ically bound phosphorus, sulfur and chlorine are 
liberated as strong acid. This acid is immediately 
neutralized by base derived from the several 
body buffers. Were the acid excreted in combina- 
tion with fixed base, body reserves would be 
rapidly exhausted, for the total store of available 
alkali is approximately one mol. To avoid deple- 
tion of these limited reserves, the kidneys excrete 
acid, in part in free titratable form and in part 
combined with ammonia. 

Under ordinary circumstances the production 
of fixed acid exceeds the intake of available base 
by 50 to 100 milliequivalents per day. However 
following the ingestion of alkali, the net acid load 
may decrease to zero, while in severe ketosis it 
may increase to as much as 750 milliequivalents 
in 24 hours. When renal function is normal, vari- 
ations in acid load are nicely compensated by 
variations in titratable acid and ammonia excre- 
tion. When renal function fails, acidosis rapidly 
supervenes. 

In the experiment described in figure 1, a nor- 
mal subject was maintained for 15 days on a diet 
constant with respect to calories, protein and 
electrolyte. Successive 24-hour urine samples were 
collected and analyzed for selected ionic con- 
stituents. The rates of excretion of these several 
constituents, expressed in milliequivalents per 
day, are plotted in block form. During the first 
5 days, which constitute the control phase of the 
experiment, the net endogenous acid load aver- 
aged 79 milliequivalents per day, 35 milliequiv- 
alents of which were excreted imcombination with 
ammonia and 44 milliequivalents as free titratable 
acid. The subject was in electrolyte balance, ex- 
creting on an average 140 milliequivalents of so- 
dium, 130 milliequivalents of chloride and 41 milli- 
mols of phosphate per day. In this chart the 
excretion of sodium is plotted downward from that 
of ammonia and acid to emphasize its opposite 
relation to base economy. 

The acid load on the body was increased 
sharply during the second five-day period by the 
ingestion of 10 to 15 grams of ammonium chlo- 
ride per day. This salt, immediately upon its 
absorption into the body, is converted into urea 
and hydrochloric acid. Fifteen grams of ammo- 


nium chloride are, therefore, equivalent to 280 
ec. of normal hydrochloric acid. 

It is evident that chloride excretion rose sharply 
on the first day of increased acid load. Urine px 
dropped from a mean control level of 5.7 to 4.9, 
but since little hydrochloric acid can exist free 
in urine of this reaction, and since ammonia ex- 
cretion was only moderately increased, the excess 
chloride was almost entirely neutralized by 
sodium drawn from the buffer stores of the body. 

During the subsequent four days of acid inges- 
tion this threat to the alkali reserve was met by 
the excretion of more acid urine, but, most sig- 
nificantly, by the excretion of increased quanti- 
ties of ammonia. As ammonia excretion increased, 
base loss diminshed in proportion, until on the 
last day of acid ingestion a positive sodium bal- 
ance was attained. Recovery had thus begun 
although the acid load was still great. 

The processes of recovery are well illustrated 
in the final five-day period of this experiment. 
On the first day of recovery essentially no sodium 
was excreted; all of that ingested in the diet was 
retained. Anions were largely eliminated in. com- 
bination with ammonia, to a lesser extent as free 
titratable acid. Retention of base was evident 
for five days, during which time the excess lost 
in the period of acidosis was restored to the body 
in full. It should be emphasized that the ingestion 
of ammonium chloride gives a rather warped 
view of the processes of base economy for it re- 
duces to relative insignificance the excretion of 
titratable acid. Hydrochloric acid is a strong acid 
and relatively little can be excreted free in urine 
of maximal acidity. Had the acid been a weaker 
buffer acid, such as beta-hydroxybutyric, a rela- 
tively greater contribution of titratable acid 
excretion would have been evident. 

These results which were obtained by Drs. 
Sartorius and Roemmelt (1) in the course of a 
study of renal function in acidosis are not in 
themselves new, having been described previously 
by Drs. L. J. Henderson, Gamble, Van Slyke and 
others who have contributed so significantly to 
an understanding of acid-base metabolism. How- 
ever, they serve well to illustrate the metabolic 
significance of two renal mechanisms which I! 
wish to discuss, namely the mechanism of produc- 
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tion of acid urine and the mechanism of secretion 
of ammonia. 

Let us begin by considering the mechanism 
which transforms the slightly alkaline blood 
plasma into acid urine. The studies of Mont- 
gomery and Pierce (2) on the amphibian kidney 
provide a morphological basis for an understand- 
ing of this process. These investigators withdrew 
minute quantities of fluid from the glomerulus 
and from the proximal, intermediate, and distal 
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of the urine is thus a function of the distal seg-. 
ment of the renal tubule. 

There are, obviously, two general means by 
which the distal tubule could convert its slightly 
alkaline contents into acid urine: first, it might 
reabsorb the alkaline components of the buffer 
mixture which enters the glomerular filtrate, 
leaving an acid residue to be discharged into the 
urine; second, it might add acid to the tubular 
contents. Four of the several possible permuta- 
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Fig. 1. Renal excretion of ions in ammonium chloride acidosis (1). 


segments of the nephron and determined the pH 
with a micro quinhydrone electrode. Figure 2, 
taken from their work, compares the reaction of 
the fluid obtained at each level with that of the 
plasma from which it was formed. It is evident 
that within reasonable limits the px of the glo- 
merular filtrate and the tubular fluid obtained 
from the proximal and intermediate segments is 
identical with that of the plasma. In the distal 
tubule the urine becomes acid, the px decreasing 
to values as low as those observed in urine ob- 
tained from the ureter and bladder. Acidification 


tions of these two basic hypotheses are described 
in figure 3 (8). ‘ 

Only two buffer mixtures enter the glomerular 
filtrate in significant quantities, namely mono- 
basic and dibasic phosphate, and carbonic acid 
and bicarbonate. If, as shown in the upper dia- 
gram of the nephron, dibasic phosphate were pref- 
erentially reabsorbed, the excreted monobasic 
phosphate could be titrated as acid in the urine. 
This concept, which may reasonably be termed 
the phosphate reabsorption theory, appears in a 
number of current Biochemistry texts. On the 
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other hand, if bicarbonate were completely reab- 
sorbed, and if the tubule were impermeable to 
carbonic acid, as claimed by Sendroy, Seelig and 
Van Slyke (4) in their bicarbonate reabsorption 
theory, this acid would react with buffer salts to 
convert them quantitatively into free buffer acid. 

Similarly two hypothetical mechanisms de- 
pending on active tubular transfer have been 
proposed as explanations of urinary acidification. 
The tubular secretion of molecular acid has been 
invoked by Macallum and Campbell (5) to 
account for the conversion of alkaline buffer 
components into their acid forms. On the other 
hand, Homer Smith (6) has proposed an ionic 
exchange mechanism which would accomplish the 
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Fic. 2. Relationship between the reaction of 
the tubular urine and that of the plasma at various 
levels in the amphibian nephron (2). 


same end. According to this latter view, hydrogen 
ions, formed within the tubular cells by the disso- 
ciation of carbonic acid, are exchanged for ions of 
fixed base bound by buffer salts in the tubular 
urine, thereby converting thefn into titratable 
buffer acids. To describe these latter two mech- 
anisms as secretory is only partially justified, for 
reabsorption obviously plays a significant réle in 
each. 

It occurred to Dr. Alexander and to me (7) that 
it should be possible to test experimentally these 
several theories, for each has inherent within it 
a specific identifiable limitation of its capacity to 
cause the excretion of acid. From our studies on 
acidotic dogs, we concluded that the ionic ex- 
change concept provides the most adequate 
explanation of the mechanism involved. 

I shall illustrate the principles involved in test- 
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ing these several hypotheses with some experi- 
ments recently performed by Drs. Ayer, Lot- 
speich, Schiess and myself (3) on man, for just as 
conclusive results can be obtained in man as in 
the dog. As the subject of the experiment sum- 
marized in table 1, I ingested 20 grams of ammo- 
nium chloride on the preceding day to produce a 
moderately severe acidosis. The extent of the 
acidosis is illustrated by the low bicarbonate 
content of arterial plasma, a value of 14.8 milli- 


URINARY ACID PRESENT IN ORIGINAL FILTRATE 





PHOSPHATE REABSORPTION THEORY 


BH2P04 BH2P04 — BHaPO,4 
BaHPO, oS ae 








“BoHPO,g 


BICARBONATE REABSORPTION THEORY 


HaCcO3 a a A 

BHCO3 HA+BHCO3 +BA+H2C03—>HA—= _ HA 
HA. ae on. * . a 
BA "BHCO, 











URINARY ACID SECRETED INTO TUBULAR URINE 
MOLECULAR ACID SECRETION THEORY 





> an i 
BA —~ BA—-BCL+HA —- HA 
HCL BCL 


IONIC EXCHANGE THEORY 





Ms 
BA + A ——HA-- HA 


H* HCO3Z 





Fic. 3. Theories to account for the excretion of 
acid urine (3). 


TABLE 1. AN EXPERIMENT ON A NORMAL HUMAN 
SUBJECT IN EXPERIMENTAL ACIDOSIS DESIGNED 
TO TEST CRITICALLY THE SEVERAL THEORIES OF 
URINARY ACIDIFICATION 





GLOM. PLASMA PHOSPHATE Hoc URINE 
FILT. |BHCO3/ HCO H] POg| FILT-]EXCR- REABSFILTER| pH | TITRAT- 
RATE « Gadi: Bes ERED|ETED JORBED| ED IABLE ACID 











ccymin. | mM/L [mM /1 mM/1 mM mini mio] eM minim /min mEg/min 





102 14.8 | 0.86 | 7.34/545/0556/0.419 |0.137 [0.087 |4.64) 0.328 
101 14.8 | 0.86] 734/604/0.610 0.455 | 0.155 [0.087 |4.63| 0.348 
98.7 | 14.6 | 0.82] 735/649 |0.6400486 | 0.154 |0.081 [4.60] 0.37! 


100. | 14.8 | 0.83 | 735/6.73/0.673)/0.516 | 0.157 |0.083/4.56] 0.395 









































moles per liter being roughly half the normal. The 
low carbonic acid content and the significantly 
reduced px of the plasma are likewise indicative 
of moderately severe yet fairly well compensated 
acidosis. Sodium thiosulfate was infused in order 
that its clearance could be used as a measure of 
glomerular filtration rate. Neutral sodium phos- 
phate was infused to elevate the plasma phos- 
phate concentration to a value some five to six 
times the normal, in order to provide the kidney 
with large quantities of buffer substrate upon 
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which to operate. Four clearance periods were 
then performed. From the data of the first five 
columns of this table one may calculate the quan- 
tities of phosphate filtered, excreted and reab- 
sorbed, and the quantity of carbonic acid filtered. 
You observe from the data presented in the last 
two columns that the urine formed in each of the 
four clearance periods was highly acid, the pH 
averaging about 4.6. Between 0.3 and 0.4 milli- 
equivalent of titratable acid was eliminated per 
minute. This is equivalent to the excretion of 5 
to 6 liters of 0.1 N acid per day, a quantity some 
three to four times the highest ever observed in 
severe diabetic ketosis. This high rate of excretion 
of titratable acid is the direct consequence of the 
high rate of excretion of a buffer of nearly ideal 
acid strength. 


TABLE 2. CRITICAL ANALYSIS OF THE DATA FROM 
TABLE 1 WHICH INDICATES THE INADEQUACY OF 
THE PHOSPHATE AND CARBONIC ACID EXPLANA- 
TIONS OF URINARY ACIDIFICATION 
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The significant features of these calculations 
are apparent in the last four columns. I call your 
attention to the fact that the phosphate reab-— 
sorption theory can explain only 8.9 to 10 per cent 
of the observed excretion of acid and that the 
bicarbonate reabsorption theory can explain only 
21 to 26.5 per cent of the observed acid. Under 
the conditions of our experiments, these two 
theories together can account at a maximum for 
only one third of the acid actually eliminated. 

Four similar experiments on the four coilabo- 
rators in this investigation are briefly summarized 
in table 3. The general inadequacy of both the 
phosphate reabsorption theory and the bicar- 
bonate reabsorption theory, in explaining the 
excretion of acid, is evident. Since carbonic acid 
and monobasic phosphate are the only acids 
present in the glomerular filtrate in significant 


TABLE 3. SUMMARY OF EXPERIMENTS ON 4 ACIDOTIC 
SUBJECTS ANALYZED ACCORDING TO THE 
METHOD OUTLINED IN TABLE 2 


























URINARY TITRATABLE ACID 
OBSERVED CALCULATED FROM 

PHOSPHATE PHOSPHATE BICARBONATE 

EXCRETED REABSORPTION | REABSORPTION 

THEORY THEORY 

mEa/nin. |mEq/ninl Prerved E/MI9 RrcrveafEa/min oer cery 
0.328 |0322] 982 /0.03! 95 | 0.087 | 265 
0348 |0.350 | 100.5 | 0.035] 10.0 | 0.087] 25.0 
0371 0.376 | 101.4 | 0.034] 9.2 |0.08! | 21.8 
0395 0.399} 101.1 | 0.035} 8.9 | 0.083] 21.0 
0361 0.362 | 1003 | 0.034} 9.4 | 0.085] 23.6 























From these same data it is possible to calculate 
the rate of excretion of titratable acid in three 
ways: first, from the measured excretion of phos- 
phate and px of the urine; second, from the 
measured rate of reabsorption of phosphate, 
granting the underlying premises of the phosphate 
reabsorption theory; and third, from the meas- 
ured rate of filtration of carbonic acid, conceding 
the assumptions of the bicarbonate reabsorption 
theory. The values calculated in these three ways 
are expressed in table 2 both in absolute units and 
in percentage of the observed values. Values 
calculated from phosphate excreted should agree 
closely with observed values for they merely 
provide a check on the accuracy of the chemical 
determinations. Agreement within limits of 98.2 
and 101.4 per cent is more than adequate for our 
purposes. 


URINARY TITRATABLE ACID 
SUBJECT [OBSERVED CALCULATED FROM 














PHOSPHATE PHOSPHATE | BICARBONATE 
EXCRETED {REABSORPTION /REABSORPTION 
THEORY THEORY 

narnia pearnin [pe en pean oer ace 

REP 0.361 0.362]100.3 |0.034 9.4 |0.085} 23.6 
WAS. 0,386 0.402/ 104.1 |0,03! 8.0 |0.104} 27.0 
J.LA. 0.351 0.352] 100.2 |0032| 9.1 |0.129 | 368 
WOL. 0.350 0360] 103.0 | 0.036 | 10.3 | 0.142] 40.6 
































amounts, these experiments are conclusive in 
proving that acid must be added to the tubular 
urine by some active cellular mechanism.! 


1Theoretically the acid could be added in 
several ways: 1) secreted as molecular acid; 2) 
formed by the exchange of hydrogen ions for fixed 
base; 3) formed de novo within the tubules from 
water by the reabsorption of hydroxy] ions; or 4) 
formed de novo from bicarbonate by the reabsorp- 
tion of carbonate ions. Briefly, we feel that secre- 
tion of molecular acid is unlikely because no 
evidence exists for renal secretion of any strong 
acid anion. Such ions as chloride, sulfate and 
phosphate are reabsorbed more or less completely, 
not secreted. We likewise feel that the formation 
de novo of acid within the tubule by reabsorption 
of hydroxyl or carbonate ions is improbable be- 
cause this would require the very considerable 
uptake of these ions from a fluid in which their 
concentrations are vanishingly low. The most 
efficient anion reabsorptive mechanism known, 
namely that for bicarbonate, is capable of 99.99+ 
per cent removal to a final concentration of 10-7 
molar. To accomplish acidification to pH 4.5 by 
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Time does not permit a discussion of the 
reasons for our view that ionic exchange ac- 
complishes acidification of the urine, nor for our 
evidence and the evidence of Wilhelmi, Hoeber 
and others that carbonic anhydrase is an essential 
enzymatic link in the chain of processes by which 
exchange is accomplished. Rather I shall present 
our current view of the nature of the exchange 
mechanism. 

Figure 4 represents a cell from that portion of 
the distal tubule which is concerned with acidifi- 
cation of the urine. Such a cell is exposed on one 
side to the tubular blood, on the other to the 
tubular urine. By virtue of its own metabolic 
activities, as well as its exposure to the renal 
capillary blood, a continuous supply of carbon 
dioxide is available to it. Because of its high 














TUBULAR DISTAL TUBULE CELL TUBULAR 
URINE BLOOD 
” “a | 
NasHPOg ovina PHO + COn Ti 
nat HCO; Se Mp0 


CARBONIC 
HPO,” spies 


nat I | P| 
| ese adintiaad ee, 
NaH PO, NaHCO 


"Fic. 4. Nature of the cellular mechanism for 
acidification of the urine (7). 




















content of carbonic anhydrase the cell can rapidly 
transform this dissolved gas into carbonic acid. 
Hydrogen ions dissociated from carbonic acid are 
exchanged across the lumenal border of the cell 
for ions of fixed base in the tubular urine. The 
base, along with an equivalent quantity of bicar- 
bonate, is returned to the renal venous blood. The 





hydroxyl or carbonate ion absorption would 
require that the efficiency of’ the reabsorptive 
mechanism be nearly 1000 times that of the bi- 
carbonate mechanism. 

It is probable that the kidney adjusts the re- 
action of the urinary buffer mixture by adjusting 
the concentration of a single ion species, the con- 
centrations of all other ion species being thereby 
determined through isohydrie equilibrium. It 
seems to us that the basic biologic significance of 
acidification of the urine is the restoration to the 
body of the fixed base present in the glomerular 
filtrate, and the excretion of unwanted anions in 
combination with hydrogen ions. Certainly these 
ends are most simply attained by a tubular ex- 
change mechanism such as that proposed above. 
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hydrogen ion, along with the anion residue, is 
excreted in the urine as titratable acid. 

Obviously these transfers cannot occur spon- 
taneously; energy must be cycled into the system, 
but the nature of these energy-yielding processes 
has not been determined. An important charac- 
teristic of the mechanism which limits its transfer 
capacity is known from the work of Henderson 
and others, namely that there is a maximum 
gradient against which the cell can transfer hy- 
drogen ions, a gradient of approximately 800 to 1, 
that is, the urine is limited in acidity to px 4.5, 
the blood being px 7.4.2 

Largely in consequence of this limitation, three 
factors determine the rate of exchange, and thus 
the rate of excretion of titratable acid: first, the 
quantity of buffer in the tubular urine upon which 
the acidifying cells may operate; second, the acid 
strength of this buffer; and third, the degree of 
acidosis (8). 

The operation of these factors is illustrated in 
the next three charts which describe a series of 
experiments performed on a single normal subject. 
In the experiment shown in figure 5, in which a 
moderately severe acidosis was induced, neutral 
sodium phosphate was infused in progressively 
increasing amounts to cause the excretion of in- 
creasing quantities of buffer in the urine. It is evi- 
dent that the rate of excretion of titratable acid is 
directly proportional to the quantity of buffer 
presented to the renal tubules per unit of time. 

Three experiments performed on the same 
subject in comparable states of acidosis are sum- 
marized in figure 6. In one the weakly acidic 
buffer phosphate was administered, in another the 
moderately acidic buffer creatinine, and in the 
third the strongly acidic buffer para-amino- 
hippurate. It is evident, at any given molar rate 
of excretion, that the kidney exchanges hydrogen 
ions for base more effectively the less dissociated 
is the resulting buffer acid, that is, the lower the 
hydrogen ion gradient against which transfer 
must be accomplished. 

In two similar experiments shown in figure 7, 
creatinine was infused. In one experiment acid- 
base relationships were normal; in the other, 
sufficient ammonium chloride had been ingested 


2 In reality the significant H* ion gradient is not 
that from peritubular blood to tubular urine, 
but that from tubular cell contents to tubular 
urine. Since measurement of this latter gradient is 
impossible, we may argue from the former measur- 
able one, at all times keeping in mind its limita- 
tions. 











Jur 


Iti 
the 


ph: 


in | 





for 
tio 


no} 
rat 


inc 
aci 





ne? 


, Is 


On- 
em 


rac- 
sfer 
son 
um 
hy- 
ol, 
4.5, 


ree 
hus 
the 
‘ich 
cid 
» of 


| in 
s of 
ect. 
ha 
tral 
rely 


Vi- 
d is 
ffer 


me 
m- 
idic 
the 
the 


‘ate 
gen 
ted 
the 
sfer 


2 7, 
eid- 
her, 
ted 


not 
ine, 
ilar 
it is 
sur- 
ita- 








June 1948 


to reduce the plasma bicarbonate roughly by half. 
It is obvious, at all rates of buffer excretion, that 
the rate of elimination of titratable acid is greater 
in acidosis than when plasma bicarbonate is 
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tween titratable acid excretion and plasma bicar- 
bonate concentration is illustrated in figure 8. On ~ 
the left are represented the conditions which 
obtain in acidosis. Fair quantities of fixed buffer, 
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Fic. 5. Relationship between the rate of excretion of titratable acid and the rate of excretion of phos- 
phate in the normal human subject in ammonium chloride acidosis (8). 

Fic.6. Relationship between the rate of excretion of titratable acid and the acid strength of the buffer 
in the normal human subject in ammonium chloride acidosis (8). 

Fic. 7. Relationship between the rate of excretion of titratable acid and the degree of depletion of the 


alkali reserve in the normal human subject (8). 
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Fic. 8. Diagrammatic explanation of the basis 
for the inverse relationship between titratable 
acid excretion and plasma bicarbonate concentra- 
tion (14). 


normal. But what is rather surprising is the high 
rate of excretion of acid attained in the normal 
state. It appears that conditions accepted as 
indicative of normalcy constitute a state of mild 
acidosis so far as the kidneys are concerned. 

Our concept of this inverse relationship be- 


but little bicarbonate, enter the distal segment of 
the renal tubule. The exchange of hydrogen ions 
for base, bound by the buffer, proceeds unop- 
posed. On the right are represented the conditions 
which obtain normally and which are exaggerated 
greatly in alkalosis. In consequence of elevated 
plasma level and increased delivery into the 
glomerular filtrate, bicarbonate as well as fixed 
buffer enters the distal segment. The two compete 
as donors of base with the result that the excretion 
of titratable acid is reduced (9). 

To Nash and Benedict belongs the credit for 
first demonstrating that the tubular cells form 
ammonia from some precursor in the arterial 
blood and actively secrete it in high concentration 
into the tubular urine. In figure 9 are summarized 
experiments of Walker (10) which show that the 
secretion of ammonia, like the elaboration of acid 
urine, is a function of the distal tubule. Fluid 
drawn from the glomerulus and proximal tubule 
of the amphibian kidney contains only an insig- 
nificant trace of ammonia. As fluid traverses the 
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distal segment, ammonia is added in increasing 
amounts. 

In the past there has been disagreement con- 
cerning the nature of the plasma precursors of 
ammonia, although a majority have accepted urea 
as the probable source. Recently Archibald 
demonstrated the presence of glutamine in the 
circulating blood plasma, and of the enzyme 
glutaminase in the kidney. Following up these 
observations, the group (11) working in Dr. Van 
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Fic. 9. Ammonia concentration of the tubular 
fluid at various levels in the amphibian nephron 
(10). 
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Slyke’s laboratory showed in the acidotic dog 
that some two thirds of the urinary ammonia is 
derived from the amide nitrogen of glutamine, 
and that none is derived from urea. 

Krebs and others have suggested that amino 
acids may be precursors of urinary ammonia, a 
view considerably strengthened by the demon- 
stration of three enzymes in the kidney capable of 
oxidatively deaminizing selected amino acids. Dr. 
Lotspeich and I (12), in a series of experiments on 
acidotic dogs, infused the eight representative 
amino acids shown in table 4 in such amounts as 
to raise the plasma level of amino nitrogen from a 
normal value of 4 milligrams per cent to 20. It was 
found that the rate of excretion of ammonia was 
increased from 100 to 300 per cent by the infusion 
of glycin, | leucine, d,/ alanine, casein hydrolysate 
and d,l aspartic acid. Each of these amino acids 
is oxidatively deaminized by kidney tissue in 
vitro, by one or another of the renal enzymes noted 
on the right of this table. The natural isomers of 
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glutamic acid, lysine, and arginine have no effect 
on the excretion of ammonia by the acidotic dog. 
Neither are they deaminized by any renal 
enzyme. We may reasonably infer, therefore, that 
one function of glycin oxidase and d and | amino 
acid oxidase in the kidney is the production of 
urinary ammonia from certain of the circulating 
amino acids. 

What are the factors which determine the 
activity of this secretory mechanism, and how do 
they compensate for variations in the acid load on 
the body? From the work of Archibald it is known 
that the plasma glutamine concentration is the 
same in the normal animal excreting little am- 


TABLE 4. CORRELATION BETWEEN 7n viv0 EFFECTS 
ON AMMONIA EXCRETION OF AMINO ACID INJEC- 
TION AND THE CAPACITY OF KIDNEY BREI TO DEA- 
MINATE AMINO ACIDS IN VITRO 





| Amino Acid Effecton Ammonia| Oeaminated by Active 
| Excretion in Vivo Kidney in Vitro Renal Enzyme 


(Lotsperch ond Pitts) (Krebs, Ratner, 
| Biancherd) 
| 
| 








Glycerin increases + glycin oxidase 
(I-)lewcine increases + 1 amino ocid oxidese 
(,))olonine increcses + Cond! omino ocid oxidases 
casein hydrolyscre increases + 1 amino acid oxidese 
| (¢,asportic acid increases + ¢ amino acid oxidese 
t (i) giutome acid no effect ° none 
| (1) tysine no effect ° fone 
© none 


! (1) arginine no effect 
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Actually the kidney contains a specific l-glutamic dehy- 
drogenase capable of oxidatively deaminizing l-glutamic acid. 
Glutamic acid therefore constitutes an exception rather than 
a confirmation of the rule that those amino acids subject to 
oxidative deamination in vitro increase ammonia excretion in 
vivo. This enzyme, however, is a typical co-enzyme sjecific 
dehydrogenase and is incapable of utilizing molecular oxygen 
as its hydrogen acceptor, in contrast to thed and / amino acid 
oxidases which are relatively non-specific and which utilize 
molecular oxygen directly. 


monia and in the animal in acidosis excreting 
large amounts. Our own results indicate that 
there is no significant difference in plasma amino 
acid level in the two states. Plasma concentration 
of precursor is, therefore, not a significant factor. 

We believe that there are no less than two sig- 
nificant factors which determine the rate of ex- 
cretion of ammonia: first, a fairly clear-cut factor 
of urine pH; second, a vaguely defined element of 
cellular secretory capacity, which at the moment 
we are unable to characterize in any exact terms. 
The first of these factors accounts for rapid vari- 
ations in ammonia output; the second, for delayed 
adaptational variations. The operation of both 
factors is illustrated in figure 10. 

All data presented in this graph were obtained 
in experiments on one dog. Urine reaction was 
varied acutely over a range of px 5.0 to 8.0 by the 
intravenous infusion of bicarbonate. Two groups 
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of data are presented: those obtained from the 
animal in a state of normal acid-base balance; and 
those obtained from the animal initially in aci- 
dosis, in which the ammonia secretory mechanism 
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Urine pH 
Fic. 10. Relationship between the rate of ex- 
cretion of ammonia and urine reaction in a normal 
dog and in a dog rendered acidotic for 48 hours (1). 
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this ill-defined factor of varied cellular secretory 
capacity. 

In relating the secretion of ammonia to urine 
pH our concept approaches that of Briggs (13). 
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Fig. 11. Nature of the cellular mechanism for 
secretion of ammonia (1). 
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of acid and ammonia (1). 


had been stimulated for a period of 48 hours. In 
each group there is an obvious correlation be- 
tween rate of ammonia secretion and urine re- 
action, although the correlations differ because of 
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Fic. 12. Diagrammatic representation of the nature of the ionic exchange mechanisms for excretion 


Our interpretation of the biological significance of 
ammonia secretion, however, differs from that of 
Briggs. He claims that the sole purpose of the 
mechanism is to protect the kidney and lower 
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urinary tract by partially neutralizing the highly 
acid urine, thus that ammonia does not contribute 
to acid-base regulation. Our views, which differ 
from those of Briggs, are explained in figure 11. If 
the tubular urine contained only salts of strong 
acids such as sodium chloride, the exchange of 
hydrogen ions for sodium ions could occur to a 
very limited extent, for the hydrochloric acid 
formed is highly dissociated. The high hydrogen 
ion gradient attained would block further trans- 
fer. The secretion of ammonia into the urine 
buffers this acid by binding the hydrogen ions as 
ammonium ions, thereby permitting the con- 
tinued exchange of hydrogen ions for base. Thus 
the quantity of base exchanged is exactly deter- 
mined by the quantity of hydrogen ions removed 
from the site, either as undissociated buffer acid 
or as ammonium ion. Fundamentally ammonia is 
exchanged for base mol for mol, although the 
exchange is indirect. 

The factor of urine pH might well play its réle 
by determining the rate of diffusion of free am- 
monia from the site of high concentration in the 
tubular cell to that of low concentration in the 
urine, where it exists not as free ammonia, but as 
ammonium ion. 

The fact that ammonia production lags behind 
acid load, yet gradually increases more or less in 
proportion to accumulated base deficit, has been 
repeatedly observed. We are intrigued with two 
possible explanations: first; that the slow increase 
in ammonia excretion may result from a gradual 
compensatory increase in the concentration of 
glutaminase and amino acid oxidase within the 
tubular cells; second, that it may result from a 
compensatory stimulation of the existing tubular 
mechanism by adrenal cortical hormone. The 
latter view is reasonable in that acidosis con- 
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stitutes a threat to the base reserves of the body, 
and might be expected to stimulate the adrenal 
glands. Although work on this aspect of the am- 
monia secretory mechanism is in progress, no 
statement may yet be made as to which, or indeed 
whether either explanation is correct. 

In conclusion I should like to point out that 
acid excretion, whether in combination with am- 
monia or as titratable acid, depends funda- 
mentally upon the exchange of hydrogen ions 
formed within the cells of the distal tubule for 
ions of fixed base in the tubular urine. The cells 
can establish a hydrogen ion gradient of at most 
800 to 1. If as shown in diagram A of figure 12, the 
buffer content of the urine is high, large quantities 
of titratable acid may be formed before the limit- 
ing gradient is attained. If as shown in diagram C, 
the buffer content of the urine is low, little free 
titratable acid can be formed. In consequence of 
the high hydrogen ion concentration developed, 
ammonia diffuses into the tubular urine. In 
essence, lacking sufficient buffer in the glomerular 
filtrate, the kidney forms its own buffer, am- 
monia. As shown in diagram B, when excess base 
is present in the body, bicarbonate is delivered 
into the distal segment in appreciable quantities. 
The exchange of hydrogen ions for base bound by 
bicarbonate reduces the formation of titratable 
acid. Alkaline urine is formed, containing neither 
titratable acid nor ammonia in appreciable 
quantities. 


The author expresses his appreciation for the 
contributions of his associates, Drs. R. 8. Alex- 
ander, W. D. Lotspeich, W. A. Schiess, J. L. Ayer, 
O. W. Sartorius, and J. C. Roemmelt, to the work 
described above; and to Martha Barrett, Ilse 
Langer, Phyllis Miner and Dorothy Calhoon for 
their able technical assistance; and to the United 
States Public Health Service and the John and 
Mary R. Markle Foundation for financial support. 
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OPPORTUNITIES FOR WORLD BETTERMENT THROUGH 
HEALTH AND NUTRITION 


FRANK G. BOUDREAU 


Executive Director, Milbank Memorial Fund; and Chairman, Food and Nutrition Board, National 
Research Council 


During the last two years the mood of the world 
has changed. Only yesterday millions rejoiced at 
the downfall of tyranny in Asia and Europe and 
set their faces toward the new day. Today men, 
women and children are perishing at the hands of 
their fellows in India, China, Indonesia, Greece 
and Palestine, and the lights are going out in 
Eastern Europe. Unless help comes from the out- 
side world sixty million children will suffer from 
hunger and disease; crippled lives or premature 
death will be the fate of many during the coming 
years. World food supplies are insufficient to pre- 
vent hunger in many countries, even if they were 
evenly distributed. Political, economic and social 
problems threaten the breakdown of governments 
in some of the advanced countries. Fear dom- 
inates the world’s thinking and the action of 
governments, which have come to resemble army 
staffs planning to strike first against possible 
attacks from former friends and enemies alike. 
This psychology and the acts and plans to which 
it gives birth can have only one result. Like the 
bird in the fatal spell of the serpent, mankind is 
being lured irresistibly into a third world war. 

There is little or no agreement among statesmen 
concerning the plans and methods most likely to 
bring the peace for which all mankind longs. 
Many cling to old solutions like the balance of 
power in Europe which time and again has be- 
trayed its disciples. Others maintain that war- 
ships, planes and guns will pacify the masses who 
rebel against authority because they can no 
longer tolerate hunger, poverty, disease and the 
premature death of their children. Many seem to 
believe that treaties of peace or the changing of 
frontiers will quiet the men, women and children 
whose violence and unrest are born of the misery 
of unsatisfied fundamental needs. That it is pos- 





*Delivered at the annual dinner of the American 
Institute of Nutrition. 
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sible to escape from unpleasant realities by living 
on an island or continent shut off from the rest of 
the world by armaments, tariff barriers and secret 
police is the hope of a dwindling minority. 

The cries of those who wish us to adopt these 
and other supposed panaceas resound in parlia- 
ments and echo in the press. Broadcasts from 
Lake Success too often sound like cracked phono- 
graph records repeating monotonously the tunes 
we have heard so many times before. 

If I should stop at this point in my criticism 
of those who are attempting to find a way out of 
the world’s troubles, you would have the right to 
accuse me of standing on the sidelines and sneer- 
ing at better men, for they at least are trying. 
This charge will be true of all scientific workers 
if they fail to rally to the help of the politicians 
and statesmen who are however feebly and ineffi- 
ciently struggling almost unaided for world peace 
and freedom. We know that political battalions 
alone are powerless in the modern campaign for 
peace. They must be supported and reinforced 
by forces equipped with the most modern weapons 
that science can furnish. Science and technology 
were decisive factors in World War II. They must 
be fully deployed in the battle for world peace. 

For the modern world, the world as we know it, 
is the creation of science. Science is responsible 
for the problems as well as the benefits of modern 
civilization. Science is continuing to advance on 
an uneven front at an accelerating pace. The 
release of nuclear energy illustrates strikingly 
that each new advance creates new problems and 
promises new benefits. As science has created our 
problems so it can solve them; the airplane trans- 
ports penicillin as easily as it carries bombs. Our 
world’s only salvation lies in using all of the 
resources of science in the pursuit of peace; it 
must use the weapons capable of influencing 
human behavior as well as those necessary for 
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the release of energy from nature’s storehouses. 
There must be much more rapid development of 
social science. Men and women engaged in scien- 
tific work can no longer spend all of their lives in 
the seclusion of the laboratory and the study. 
They must marshal their forces to work with 
politicians and diplomats, making known their 
special points of view in no uncertain voice. 

Scientific training teaches men to be objective 
and impartial, to look beyond the superficial and 
the obvious, to appraise judiciously all of the 
observed facts, and to set those facts in orderly 
array. 

Tonight I propose to examine a few of the 
salient facts which have led many to believe that 
our knowledge of health and nutrition might play 
an important part in attacking more effectively 
than at present some of the major obstacles on 
the road to peace. 

A striking fact is that these major obstacles 
seem to be concentrated in certain geographical 
areas. No one in this audience believes that the 
peace of the world is threatened by Canada, or 
New Zealand or the Scandinavian countries. On 
the other hand, all will agree that the conditions 
in such countries as India, China, Indonesia, 
Greece and Palestine do constitute threats to 
world peace. What are these conditions and why 
are they found in these countries and not in 
others? What common factors in these countries 
set them apart from others which do not appear 
to threaten the peace of the world? What can the 
world do to remove these conditions? 

The first thing which strikes one is that these 
are all undeveloped countries, undeveloped in the 
modern sense. They have little industry; trans- 
port, communication and agriculture are primi- 
tive; their natural resources have not been devel- 
oped for the benefit of the people. Their 
inhabitants are living as our ancestors lived 
before the advent of the industrial revolution. 
They have the high fertility, high mortality rates 
and short lives which are characteristic of primi- 
tive peoples. Illiteracy goes hand in hand with 
primitive social and political institutions. Hunger 
and disease are the common lot. 

The student of population paints the world 
picture in broad strokes of the brush. High fer- 
tility and high mortality characterized the peoples 
of the world before the advent of the machine. 
In spite of high fertility the world’s population, 
century after century, failed to show much in- 
crease because of the enormous wastage of life. 


Volume ? 


About 300 years ago mortality began to decline 
in certain countries and population to grow—to 
grow as it had never grown before. British and 
European peoples swarmed over the earth creat- 
ing the Europe overseas which we know as 
Canada, the United States of America, Australia, 
New Zealand and parts of South America and 
South Africa. High fertility among them declined 
but mortality rates declined faster, so that Great 
Britain, for example, more than tripled her pop- 
ulation in the last century. By and by falling 
birth rates began to catch up with declining mor- 
tality, and the growth of Western population 
began to slow down. 

The student of population defines several stages 
of growth and classifies the different countries of 
the world according to the stage which they have 
reached. 

The countries of Europe generally and of 
Europe overseas are in the stage of incipient pop- 
ulation decline. Fertility rates are low and declin- 
ing. If present trends continue there will be virtual 
termination of growth within a generation. Some 
of these countries are further advanced in this 
stage of growth than others. It is common knowl- 
edge that in France, Sweden and Great Britain 
decline in the rate of growth has gone so far that 
government commissions have been set up to 
inquire into its causes and legislation has been 
enacted to stimulate births. 

The populations of Eastern Europe, the Soviet 
Union, Turkey, Japan, Palestine, parts of. North 
Africa and of certain Latin American countries 
are in the stage of transitional growth. In these the 
decline of both fertility and mortality is well 
established, but the decline in mortality has pre- 
ceded that in fertility and this has meant very 
rapid population increase. Although it is possible 
to predict that population growth in these coun- 
tries will eventually slow down, their capacity for 
growth, before that stage is reached, is immense. 
Without taking into account the effects of World 
War II and assuming that mortality and fertility 
will decline from the high prewar levels as rapidly 
as they have in other countries under similar con- 
ditions, the population of the Soviet Union by 
1970 may be seventy million more than it was in 
1940. 

Population growth is affected by war, but toa 
lesser degree than most people imagine. During 
World War II, the most far reaching and destruc- 
tive war in history, the population of the world 
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forged steadily ahead. This accounts in part for 
the present world food and housing shortage. 

Demographers have noted that the course of 
population growth in Japan has closely paralleled 
that of England and Wales 40 years earlier. 
Japan’s birth and death rates between 1921 and 
1941 resembled closely those of England and 
Wales between 1881 and 1901. This is of particu- 
lar interest since “Japan is the only Eastern 
country that has undergone a substantial period 
of industrialization and urbanization, hence the 
only one in which the demographic responses to 
these changes can be contrasted with those of the 
West.”! Japan’s population grew from approxi- 
mately 35 million in 1870 to 73 million in 1940. 
If conditions had not been changed by the war, 
it was expected to approximate 95 million by 
1970, illustrating the potentialities for population 
increase inherent in the transitional stage of 
growth. 

More than half of the world’s population is in 
a still earlier stage; it has not entered the period 
of transitional growth. The wastage of life is great 
and the potential of population growth enormous. 
Death rates are high and unstable, while birth 
rates have scarcely begun to decline. In this stage, 
designated as high growth potential, are the popu- 
lations of Egypt, Central Africa, much of the 
Near East, virtually all of Asia outside of the 
Soviet Union and Japan, the islands of the Pacific 
and Caribbean, and much of Central and South 
America. Some of these countries are sparsely 
populated and in them the problem is not now 
acute; some have the greatest population density 
in the world. Growth has been slow in some, rapid 
and uneven in others. Some of them have been 
the subject of partial development; in others 
conditions are still entirely primitive. India, Java, 
Formosa, Korea, China, Egypt and the Carib- 
bean present the most difficult problems, for 
their populations press on the available food 
supplies. Their economies are of the colonial type, 
which is another way of saying that they are 
partial or one-sided. 

Taking India as an example of this group, we 
find that her population increased by 83 million 
in the two decades following 1920. During the 
decade of the first World War, 15 million deaths 
in India were attributed to the influenza epidemic. 


1Notestein, Frank W. Population—The Long 
View. Chapter in Food for the World. Harris 
Foundation Lectures. Chicago: University of 
Chicago Press, 1945. P. 46. 
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Another important characteristic of the popu-_ 
lations of high growth potential or of transitional 
growth is that they are the principal sources of 
the major epidemic diseases. Bubonic and pneu- 
monic plague, Asiatic cholera, dysentery, yellow 
fever, typhus fever and smallpox; these are most 
prevalent and most deadly in the undeveloped 
countries. To a lesser extent this is true of malaria 
and certain other forms of tropical disease. Suc- 
cess against tuberculosis and infant mortality has 
been greatest in the populations which are in the 
stage of incipient decline. An infant death rate of 
around 30 per 1000 live births per year in New 
Zealand and the United States of America is to 
be contrasted with rates from four to six times 
greater in the backward countries, and the con- 
trast in death rates from tuberculosis is just as 
striking. 

Hunger is still another characteristic of the 
undeveloped countries. Food supply conditions 
have been greatly distorted by the war so that to 
get a fair picture of national food supplies one 
must go back to prewar years. The Food and 
Agriculture Organization of the United Nations 
has made a survey of world food supplies in pre- 
war years. Here are the results? 


Calculations based on the prewar populations of 
the individual countries show that in the years 
before the war— 

In areas containing over half the world’s popu- 
lation, food supplies at the retail level (not actual 
intake) were sufficient to furnish an average of 
less than 2250 calories per caput daily. 

Food supplies furnishing an average of more 
than 2750 calories per caput daily were available 
in areas containing somewhat less than a third of 
the world’s population. 

The remaining areas, containing about one- 
sixth of the world’s population, had food supplies 
that were between these high and low levels. 


Figures for actual intake would be about 300 
calories lower than those quoted. It is also clear 
that averages conceal many sharp differences.* 


Whatever the average calorie level of a country, 
some people obtain considerably more than the 
average while a large number have less. 

The high-calorie areas include most of the 
western world, all of North America and much of 


2Food and Agriculture Organization of the 
United Nations: Proposals for a World Food Board 
and World Food Survey. (Combined Report.) 
Washington, October 1, 1946. Part IT, P. 6. 

3 Ibid. p. 7, Part II. 
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Europe. Oceania and the Union of Soviet Socialist 
Republics also belong to this group, but it includes 
only three countries in South America. 

The medium-calorie areas include most of 
southern Europe, three countries in Asia, a part 
of the Middle East, a part of Africa, and a part of 
South America. 

The low-calorie areas include most of Asia, a 
part of the Middle East, all of Central America, 
and probably parts of South America and of 
Africa not covered by this survey. 


Generally speaking, the diets in low-calorie 
countries were just as inferior in the important 
nutrients as they were in calories. 

The Food and Nutrition Board of the National 
Research Council and the Food and Agriculture 
Organization of the United Nations have classi- 
fied calorie levels along similar lines. Both agree 
that the emergency subsistence level for a popu- 
lation should be 1900 calories, actual intake. 
Hence in prewar years half of the world’s popula- 
tion subsisted on a calorie intake only slightly 
above the level deemed barely sufficient to keep 
people alive for a short time in an emergency. 

Unrest is another characteristic of the unde- 
veloped countries. Name them over and you call 
the roll of the troubled areas of the world; areas 
in which trouble now exists or in which it has 
originated. The people of these countries furnish 
a ready soil for the seeds of social unrest, revolu- 
tion and war. They have little to live for. Life 
expectancy is short. Infectious disease is rife. 
Food is scarce and hard to come by. Toil is hard 
and incessant. In such conditions hope burns 
uncertainly or flickers and dies. To these people 
almost any fate seems preferable to their own. 
So they are conditioned to embrace any doctrine 
or cause which promises release from their misery. 
This, or a philosophy of fatalism, which causes 
them to refuse any effort to improve their envi- 
ronment, is the only outlet for their despair. 

The deplorable conditions in many of these 
countries have been aggravated by the war. At 
the same time the war brought with it whispers 
of freedom and hints of better times to come. So 
these people are on the march. You see signs of it 
in China, Indo-China, India, Burma, Indonesia, 
Africa and elsewhere. None of these countries 
can cope singlehanded with the problems of its 
own development. None has the necessary capital 
to invest. None has the essential scientific and 
intellectual institutions. Technological knowledge 
is lacking. Should the world stand aside and allow 
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disaster might easily result. Think of India 
increasing her productive capacity, carrying out 
a one-sided economic development, with the 
result that her population like that of England 
and Wales tripled in a century. Disaster for India 
and for India’s neighbors would be a certainty 
long before the century reached its halfway mark. 

In view of these world conditions it is no wonder 
that the subject of the development of backward 
countries was uppermost in the minds of the men 
and women who framed the Constitution of the 
United Nations and of the several specialized 
agencies. Preoccupation with this subject is seen 
in the Charter of the United Nations and in the 
Constitutions of the Food and Agriculture Organ- 
ization of the United Nations, the United Nations 
Educational, Scientific and Cultural Organiza- 
tion, the International Labor Office, the Fund, 
and the Bank. These agencies have not been 
organized long enough to have gotten well into 
their stride but already FAO has sent missions 
to several countries to study their agriculture 
and to make long-term plans for agricultural 
rehabilitation. The others wil! no doubt soon 
initiate activities designed to develop the back- 
ward countries in the fields in which these agencies 
operate. This work will provide unique oppor- 
tunities for scientific workers of all kinds to coop- 
erate in the effort for world reconstruction. If the 
work is to succeed, the cooperation of workers in 
all branches of science is essential. For there is 
grave danger that partial attempts at develop- 
ment will do more harm than good. The one-sided 
development of many colonies throws a revealing 
light on this problem. The objectives of colonial 
policy in the main have been the development of 
these areas as sources of raw material and as 
markets for manufactured goods from the mother 
country. To attain these ends it has been neces- 
sary to provide stable government, some sanita- 
tion and epidemic control, better communication 
and more productive agriculture. 


The result has been population growth without 
substantial increase in the levels of living. Mortal- 
ity, low enough to permit growth, nevertheless 
remains high, the expectation of life at birth 
falling below thirty-five years even in times of 
relative order and prosperity. 

Meantime, the fundamental nature of the 
agrarian family life, of native customs, religious 
beliefs, and educational horizons has changed 
little. The result is that the materials out of which 


declining fertility grew in the West are not pres- 


these countries to engage in the struggle unaided,ent. In short, the modern nations of the West h ave 
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imposed on the world’s non-industrial peoples 
that part of their culture which reduces mortality 
sufficiently to permit growth, while withholding, 
or at least failing to foster those changes in the 
social setting out of which the reduction of fer- 
tility eventually developed in the West. The 
result is large and congested populations living 
little above the level of subsistance.‘ 


Population growth in these undeveloped coun- 
tries may be brought under control in three ways. 
“Prolonged periods of political or economic chaos 
might result in considerable depopulation.”* Con- 


| ditions now obtaining in Kashmir and nearby add 


emphasis to this conclusion. 


On the other hand, a period of peace and order 
in which there was a rapid advance would bring 
rapid and sustained growth. Such an epoch of 
growth could be terminated in two ways. If the 
essentials of the existing agrarian society are 
maintained, there is every prospect that growth 
will continue until the potentialities for increased 
production are exhausted. Then it will be checked 
by repeated catastrophes and generally increased 
mortality. In this case, however, large and pov- 
erty-stricken populations would be left with the 
potentiality for a new cycle of growth any time 
circumstances permitted. 

If, on the other hand, a period of peace, order, 
and rapidly rising production were to be accom- 
panied by a thorough and balanced modernization, 
we would expect the same or even faster immedi- 
ate growth but a different termination. If such 
developments brought urbanization, industrializa- 
tion, rising levels of living, popular education, and 
popular participation in political life, the same 
forees that eventually induced a declining fer- 
tility in the West would probably come into play. 
The population would then undergo transitional 
growth, perhaps tripling in the process. If events 
marched swiftly and studied efforts were made to 
induce declining fertility, perhaps only a doubling 
of present population would be involved‘. 

The prospect of congested populations like 
those of India and Java doubling or tripling 
staggers the imagination. But perhaps advance 
in the social sciences will reveal a way out of our 
difficulties. It is significant that the birth rate in 
Soviet Russia is said to have declined by more 
than thirty per cent in the ten years immediately 
preceding the reversal of her population policy 
before the second World War. 





‘Notestein, Frank W. Population—The Long 
View. Chapter in Food for the World. Harris 
oundation Lectures. Chicago: University of 
hicago Press, 1945. 
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One-sided or partial development is plainly not 
the way to deal with undeveloped countries. We 
may obtain by this means a little temporary relief, 
but the last state of the world and of the victims 
in the undeveloped countries will be worse than 
the first. Moreover, no progress in raising levels 
of living will have been achieved. It will be neces- 
sary to begin once more at the beginning, all pre- 
vious effort having been wasted. 

The problems of these undeveloped areas must 
be attacked boldly and on the widest possible 
front, with all of the methods and technics avail- 
able to social and natural scientists. But national 
development cannot be imposed from without. 
It must be the work of the people themselves. 
Outsiders can help with capital in the form of 
long-term loans, machine tools and_ technical 
advice; if they go much further development 
becomes an artificial growth which dies when 
outside help is withdrawn. This mistake has been 
made time and time again by one country seeking 
to help another. For experience acquired in one 
country is not always helpful in developing an- 
other. And there is always the suspicion of self- 
interest when a single country seeks to assist 
another, suspicion only too often founded in fact. 

The task of helping the backward countries to 
develop their whole economies is a task for the 
entire family of nations, working together, only 
the family of nations has the necessary resources, 
the varied experience and the enlightened self 
interest. 

In the United Nations the major emphasis is 
on the settlement of today’s political problems; 
very little attention is being paid to the long-term 
problem of building up a unified world. 

A social scientist who has been working with 
the Population Division at Lake Success has this 
to say: ° 


No one can have listened to recent political 
disputes, both national and international, with- 
out being impressed by the amount of unnecessary 
disagreement. Advocates put their cases forward 
in such general terms, and in language containing 
so many ideological overtones, as to guarantee a 
maximum of misunderstanding. 

Specialists working together can do much to 
limit the range of political controversy. Politicians 
often disagree over matters that the specialist 
knows have long been settled.... The social 
analyst has a major obligation to reduce the area 
of controversy by posing real issues in the light of 
solid knowledge. . . . (He) is in a unique position 
to pose the questions of a real world made of real 
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people with problems of health, food, housing, 
education, and work. 

If existing tensions are to be relaxed, we must 
make new efforts to achieve common aims. Such 
common aims need not be unattainable flights of 
fancy. In unsettled times we tend to forget that 
there are common aims, basic human needs and 
desires,—better food, better housing, better 
health, better education and better working 
conditions. To the common man throughout the 
world these aims are real. He seeks, not Utopia, 
but a little alleviation of his lot. All too often we 
forget that much can be done within the frame- 
work of all ideologies to fulfil the hopes of men by 
solving common problems of social and economic 
engineering. Moreover, I believe that in such 
work lies the means of discovering that our cleav- 
ages are less insuperable than they now appear. 


Surely it is not beyond the capacity of mankind 
to work together for these basic needs. If these 
aims were proclaimed by the United Nations as 
its major long-time goal, there would be a new 
surge of hope among the masses throughout the 
world. Those who guide the destinies of the 
United Nations will not adopt this policy on their 
own initiative, for by training and experience 
they are conditioned to a world in which the para- 
mount issues are those which set nation against 
nation. No matter how humane and farsighted, 
their continuance in power depends upon their 
success in defending national points of view. Only 
when the people themselves insist that these real 
issues must be given more than lip service will 
this point of view prevail. 

The great danger is that the present preoccupa- 
tion with current emergencies will continue, and 
so much will be staked on the solution of each 
that any failure will lead men to reject the United 
Nations as they rejected the League of Nations. 
As I write, I hear over the radio or read in the 
press, again and again, that failure of the United 
Nations to enforce the partition in Palestine will 
lead to its downfall. How ominously like the 
comments heard over Corfu, or Manchuria or 
Ethiopia in the 1930’s! Weak and inexperienced 
and operating in a badly divided world, the 
United Nations has no alternative but to face and 
grapple with these recurring crises. Its hands will 
be strengthened and its capacity enhanced by 
daily experience in less controversial and more 
fundamental fields. Observing some progress 


5 Notestein, Frank W. International Population 
Problems. United Nations Weekly Bulletin, Sep- 
tember 30, 1947. 
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toward better health, more adequate diets, better 
housing and more decent labor conditions in the 
undeveloped countries, and noting that the 
United Nations has made long-range plans for 
world development in terms of basic human needs, 
men will be less apt to despair of international 
cooperation when it fails, as it must on occasion, 
to solve a crisis which to our shortsighted eyes 
looms so large on the horizon of today. 

There are many good reasons why those who 
are attempting to build a unified world should 
start with health and nutrition. No political 
settlements have meaning for hungry people; 
until they are fed, neither their minds nor their 
bodies are in a condition to contribute toward 
national development. When refugees from Asia 
Minor were being settled in Macedonia, progress 
was stopped by malaria which came on just when 
it was time to harvest the crops. Since outsiders 
can only help the people concerned to help them- 
selves, it is obvious that malnourished peoples 
cannot succeed. This is plain to every student of 
nutrition who knows that men who voluntarily 
undergo semi-starvation soon arrive at a stage 
when their entire preoccupation is of food, or 
that women who are deprived of thiamine rebel 
at tasks for which they volunteered. Two of the 
most cogent arguments for beginning a program 
of world recovery and development with health 
and nutrition are these. 

Men from different countries desperately need 
practice in working together. Better health and 
nutrition are real needs in a real world. If our 
neighbors have better health and _ nutrition, 
nothing will be taken away from us. In fact we 
shall benefit, for there will be less danger of the 
spread of disease through our frontiers, and better 
nourished neighbors will become more prosperous 
and demand more of the goods we have to sell. 

Keeping in mind the fact that the work of 
developing backward countries must be carried 
on largely by the people of these countries, any- 
thing that gives them confidence in their ability 
to do so and practice in the art of self help is to 
be fostered. Sociologists agree that health ad- 
mirably fulfils this need. If the rural Chinese cal 
be taught to dig deeper and better protected wells 
or to chlorinate their small water supplies, or to 
oil nearby ponds and destroy mosquito larvae, 
they will find that by their own efforts they have 
avoided the epidemics of typhoid fever or malaria 
which each season take a toll of lives in their 
villages. They may be led step by step to resolve 
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more complicated issues. Eventually they may 
come to understand that too frequent childbirth, 
with its toll of maternal and infant death, is just 
as susceptible to their control as the polluted well 
or the stagnant pond. 

It is easy to assert that this is the way to start 
the world on the road to recovery and peace but 
it is harder to start the ball rolling in the right 
direction. This being a world in which public 
opinion ultimately rules, the public must be 
enlightened on the importance of food, health, 
housing, good working conditions and a decent 
level of living for all. They must be told about 
conditions in the backward countries and what 
those conditions mean in world turmoil and 
unrest. They must be shown what modern science 
ean do to curb malnutrition and disease, and told 
how this must be followed up by social and eco- 
nomic engineering to bring about a rounded 
development. Who is to undertake this work? 
Surely it is the workers in all fields of science who 
alone have the necessary knowledge and experi- 
ence. 

How should they go about it? A first step might 
be a meeting of one or two leaders from each of 
the national associations in the various fields of 
science to discuss and agree on ways and means 
of uniting all workers who use the methods of 
science. Membership in the American Association 
for the Advancement of Science is open to all 
persons engaged in scientific work whether in the 
fields of the natural or the social sciences, so this 
Association might sponsor the first meeting. The 
aim would be the establishment of a single scien- 
tifie organization which would be guided and 
controlled by scientific workers from every field; 
one which would become the voice of science in 
America. It should be a multi-discipline organi- 
zation throughout; in all its meetings and delib- 
erations workers from the different fields of 
science would participate, each contributing his 
special knowledge and point of view. This organ- 
ization would not supersede any of the specialized 
professional associations; it would give them all 
a better opportunity to make their individual 
contributions to the welfare of society. In view of 





the critical times in which we live, the organiza- 
tion should, in my opinion, concentrate on the 
contributions which science can make to the 
efinition and solution of the problems which 
hreaten to bring on a third World War. Science 
las a contribution to make to every problem real 
tr imagined which confronts the United Nations, 
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but its aim should be to point out fundamental 
world issues and needs and to indicate what 
science has to offer in their solution. I am sure 
that agreement would soon be reached on the need 
to develop the backward areas of the world by 
every means known to science. 

The establishment of such a multi-discipline 
organization of scientific workers in this country 
would soon find imitators abroad; our national 
organization would no doubt send missions to the 
different countries to encourage and assist the 
movement. Ultimately a World Association for 
the Advancement of Human Welfare Through 
Science would result, and this would inform the 
public and become the consultant of UNESCO, 
WHO, FAO, the Economie and Social Council 
and of the United Nations itself. 

I do not believe that science separates men. 
Those who use the methods of science in their 
work, whether it be geology or psychology or 
chemistry or astronomy, have common interests 
and common aspirations. If they associate only 
with workers in their own special fields, their 
influence in the conduct of national and inter- 
national affairs will be small. Scientific workers 
must not only seek to advance our powers over 
nature, but must also see to it that the new 
powers are used for the benefit of mankind. Both 
of these responsibilities can be carried more easily 
if scientific workers unite their efforts for a com- 
mon purpose. 

Some of you may be familiar with what is 
being done to set up a World Federation for 
Mental Health. This effort is being sponsored by 
three international voluntary agencies. Instead 
of holding an international congress at which 
many papers of interest to the psychologist or 
psychiatrist are presented, the theme ‘Mental 
Health and World Citizenship” has been selected, 
and studies of the different aspects of this theme 
are being carried out by a large number of groups 
in their own neighborhoods. These are multi- 
discipline groups, consisting of representatives 
of three or more professions or disciplines: psy- 
chiatrists, psychologists, general practitioners, 
pediatricians, nursery school teachers, social 
workers and public health nurses. The argument 
for multi-discipline groups is cogent: 


Experience has shown that often when profes- 
sional groups with similar interests but different 
backgrounds come together to discuss the same 
problem, the views of each are broadened and 
each is able to approach the problem more con- 
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structively. It is anticipated that pooling the 
experiences of the several disciplines concerned 
with mental health will provide a broad and stimu- 
lating program and an excellent base for future 
planning’®. 


Hundreds of these commissions are at work in 
more than a score of countries. Each of them is 
concerned with the problem “What do we do to 
children that leads them as adults to make war, 
and what can we do about it?” This is a striking 
example of how scientific workers should proceed 
to deal with the problems of world recovery and 
peace. And it suggests one angle which I have not 
mentioned—that while joining together to work 
for the all-round development of backward areas 
in foreign countries, we must not forget our own. 
It is no part of my thesis to suggest that the 
advanced countries should stand idle while the 
backward countries catch up with them. It is 
their privilege to blaze the trail and to set the 
example of progress. Our own civilization is far 
from perfect, and we suffer in health, in morals 
and in pocket because of our backward areas with 


6 International Congress on Mental Health. U.S. 
Bulletin 1. United States Participation in the 
International Congress on Mental Health. 
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their high fertility and mortality, inferior edy. 
cational opportunity and undeveloped resources, 
The TVA is showing what can be done by 4 
balanced program of development; it is not sur. 
prising that no action of our government in recent 
years has aroused more curiosity and more inter. 
est throughout the world. 

Let me emphasize once again that we who are 
described as scientists or workers in the field of 
science, must join with all our associates and not 
merely with those who work in the natural s¢i- 
ences to make our influence, our methods and our 
points of view strong and effective forces in the 
solution of the world’s most pressing problems. 
A physician who wrote on Remobilization for 
Enduring Peace and Social Progress has issued 
this challenge :* 


I say to you with the utmost seriousness of 
which I am capable that this is no time to excuse 
yourself from paying the debt you and yours owe 
the social order with some facile verbalism like 
‘Nothing will come of it; it can’t be done.’ Begin, 
and let it be said of you, if there is any more 
history, that you labored nobly in the measure of 
man in the XXth century of the Scientific Western 
World. 











